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Foreword by Shanjun Li

As the largest energy-consuming country in the world, China has to deal with the
mounting challenges related to environmental pollution that is associated with such
vast energy consumption. Its energy consumption is estimated to be about 25%
of the world’s total, whereas its coal consumption is about 50% and CO2 emission
in the range of 30% of the world. The country’s urban areas are allegedly going
through some of the worst air pollution and traffic congestion problems, which
result in deteriorated quality of life and concerns over economic sustainability. As
the country develops and implements policies to tackle these challenges, its lessons
learnt are relevant for other developing countries mitigating the adverse impacts of
climate change.

Developing and especially fast-growing economies have some of the worse air
pollution in the world. The health consequences of air pollution can be very high in
these areas. Some of the recent studies on China show that PM2.5 from air pollution
would have an adverse impact on healthcare expenditures in both the near and
medium terms. It is suggested that the yearly savings in national healthcare
expenditures as a result of compliance with the World Health Organization’s
standard of 10 lg/m3 would be close to $42 billion or roughly 7% of China’s total
health care spending in 2015. In contrast with the conventional perspective that the
morbidity impact is modest in relation to the mortality impact, it is found scien-
tifically the morbidity cost of air pollution is estimated more than half of the
mortality cost.

Economic incentives and constraints imposed on energy consumption could
produce substantial environmental benefits and need to be factored in as an
important part of a country’s fiscal system. It is well evidenced that there are
substantial environmental damages from ineffective energy consumption. Prior
studies have already suggested that there is pervasive mispricing of energy across
developed and developing countries alike due to ignorance of the external costs
generated by fossil fuels. For instance, implementing energy prices embedded with
full costs would lower carbon emissions as well as fossil fuel-related air pollution
deaths while reducing the expenditures on public health substantially. Policy
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makers around the world need to reconsider these economic and financial issues
carefully when designing public policies for sustainability.

Against these concerns, it is encouraging to see this publication on sustainable
energy and green finance contributed by scholars and researchers from various
tertiary institutions in Greater Bay Area of China. Such an interdisciplinary
approach with integrative thinking to tackle the problems related to environmental
sustainability is particularly inspiring. The Institute of Resources, Environment and
Sustainable Development (IRESD) of Jinan University established in 2011, as the
main research institute in support of this publication, is an exemplary effort by the
academics in facilitating collaborative research on sustainable development policies
for such a dynamic economic region in Southern China. IRESD provides a research
platform for interdisciplinary integration of complementary academic resources. At
present, it is the only research platform focused on environmental and resource
economic analysis in Guangdong Province. The institute’s research team is mainly
from the College of Economics at Jinan University, a high-level discipline group
that integrates applied economics and theoretical economics.

In this book, the contributing authors also examine issues about the role of green
financial instruments, such as green credit and green bonds, which facilitate more
public–private partnership and direct investment opportunities into large-scale
infrastructure projects with a clear objective to reduce greenhouse gas emissions
and to drive more impactful sustainable developments towards a low-carbon
economy. These long-term investments into reforming the traditional industries are
critical to enable the nurturing and development of an ecosystem made of new
green industries, composed of waste-to-energy power generation, clean energy
public transport, renewable energy facilities and energy-efficient power plants as
well as other environmentally friendly innovation and design, etc. This book
reflects the significance of the coordination efforts for environmental governance
among Guangdong, Hong Kong and Macao. It stimulates thoughts about the var-
ious potentials, pathways and mechanisms of green financing to promote more
adoption of sustainable energy and the development of a real economy that is
driven by policy and planning towards sustainability and harmony in the Greater
Bay Area. This book should provide a useful reference for both academics and
practitioners who are keen to understand the grand opportunities and challenges
for adopting more sustainable energy and developing a more sustainable economy
for the region under incremental collaboration and integration in the light of
globalization.

Prof. Shanjun Li
Kenneth L. Robinson Professor

Dyson School of Applied Economics and Management
Cornell SC Johnson College of Business

Co-Director, Cornell Institute for China Economic Research
Cornell University, Ithaca

New York, U.S
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Foreword by Jatin Nathwani

I commend the authors on an exemplary effort to bring to the economic policy
community a timely contribution to help advance the global agenda for achieving a
sustainable energy future. Sustainable development and strategies for an effective
transition away from fossil fuels to a low-carbon economy are not only a matter of
urgent priority; there is also a compelling need to provide a coherent framework and
a rational basis for action. Although this book brings into focus the perspectives
from the Greater Bay Area of China, the underlying discussion of the themes has
wider appeal and is of relevance for consideration by policy makers globally.

This book by Professor Jingyan Fu and Professor Artie Ng bridges an important
gap in our academic literature between theoretical analysis and application to shape
and frame specific policies for use in practical contexts through credible
frameworks.

We are at the cusp of witnessing a ‘sea change’ in the public attitudes towards
the threat of climate change. The issue is now centre stage at the highest levels of
political discourse and the mechanisms of global governance for trade. Beyond
policy makers operating in the public sphere, there is increasing recognition of a
fundamental global problem of climate stress among individuals, households and
the corporate sector from investment bankers to ‘small–medium enterprises (SMEs)
to large corporate entities with market capitalization greater than $1 billion. Central
banks have also become an important voice in shedding light on the question of
transition and insurance risks coupled with the risk of stranding of assets.

The book is well organized and in four parts over 15 chapters comprehensively
addresses the key aspects that link economics with policy and sustainability:

(i) ‘Economic and financial policy for sustainability’
(ii) ‘Pathway towards sustainable energy’,
(iii) ‘Emerging green financing issues’ and
(iv) ‘Green infrastructure development’.
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I observe that the demographic considerations of global population and the
movement towards urbanization with the formation of large clusters in ‘mega’ cities
—not only in Asia but also Africa and Latin America—have enormous implications
for the achievement of the UN Sustainable Development Goals.

Whether it is stress on energy requirements, water, food or transport, the need for
effective mobilization of global capital is evident. This book will remain a valuable
addition to help us navigate our way through difficulties and towards positive
outcomes through concerted efforts to achieve global environmental sustainability.

Prof. Jatin Nathwani
Ontario Research Chair in Public Policy for Sustainable Energy

Executive Director, Waterloo Institute for Sustainable Energy (WISE)
Faculty of Engineering and Faculty of Environment

Fellow, Balsillie School of International Affairs (BSIA)
University of Waterloo, Waterloo, Ontario, Canada
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Preface

It is our hope to develop an edited book to reflect stakeholders’ distinct perspectives
about sustainable development of the Greater Bay Area of China (GBA), which is
positioned to be potentially one of the most economically vibrant regions of the
world: a region comparable to the other bay areas of the developed economies that
are dynamic, innovative while embracing diversity and, most importantly, sus-
tainability. The Sustainable Development Goals embraced by the United Nations
(UN SDGs) emphasize the significance of environmental sustainability which is
well correlated with the human health. A polluting environment not only adversely
affects the health of GBA’s habitants, their communities and the next generation,
but also causes climate change as proven scientifically. Scaling up the investments
into sustainable and clean energy for a low-carbon economy is widely considered as
a prerequisite for environmental sustainability given the implications of greenhouse
gas emissions that instigate climate change. Strategic deployment of green finance
to accelerate such implementation is a main emphasis of this book.

These challenges to sustainability faced by the GBA can hardly be tackled with a
solitary discipline. Sustainable energy and green finance entail cross-disciplinary
knowledge ranging from economics, engineering, finance as well as innovative
formulation of public policy and business models that enable partnership with the
private investors. Exemplary collaboration among multiple stakeholders in the
private sector that facilitates timely allocation of resources into sustainable energy
from the capital markets is much desired in the next decade before environmental
sustainability deteriorates further concomitantly under the ongoing climate change.
Further, responsible investments into technological innovation for clean and sus-
tainable energy as well as timely adoption of intelligent infrastructures would be
complementary for a rapid transition into sustainable development in the GBA.

Despite the commonalities among the GBA cities with respect to indigeneity,
there are inevitable diversities in social and economic development over the region
throughout the last century as influenced by a world incessantly undergoing
globalization. Such intrinsic heterogeneity is conducive to dynamics in seeking
creative solutions for sustainable and clean energy through the process of harmo-
nization towards sustainable development. Complementarity among these cities
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needs to be leveraged so as to optimize their strengths in facilitating social, envi-
ronmental and economic sustainability. For instance, Hong Kong and Macau as the
Special Administrative Regions have long been positioned as gateways of China for
international collaboration and more recently as green financing hubs in relative
harmony with the specificities of the global capital markets. Guangdong Province
continues to be a vibrant region situated in Southern China being upgraded for
innovative, sustainable industry developments that connects seamlessly with the
domestic economy.

Engaging diverse stakeholders from various sectors for a healthy and sustainable
economy linking the past, current and future generations is never more salient. The
efficacy of sustainable development in the GBA would depend greatly on the
formulation of policies that are venerated by the regional and local stakeholders
who in turn espouse timely and committed execution for sustainability. Such
engagement with the stakeholders based on visible, crystalized, long-term common
goals is considered critical for the success of implementing sustainable develop-
ment. As alluded by Thomas Alva Edison, the world-renowned inventor of electric
light and power, “Vision without execution is hallucination”.

The four main sections in this book intend to provide a systematic structure to
reveal the interconnected perspectives. Section 1 examines a range of interrelated
issues about the formulation of economic and financial policy to stimulate and
support sustainable energy developments in the GBA. Section 2 unveils the
development of various sustainable energy potentials in the GBA, including case
studies about refurbishment of legacy coal-fired power plants, energy-efficient
initiatives as well as researches on the growing significance of electric vehicles and
smart grid technologies. Section 3 explores the emerging green financing phe-
nomenon and related challenges in developing a sustainable green financing sys-
tem. Section 4 covers broadened topics of innovative approaches adopted by the
various industrial sectors that contribute to sustainability of the GBA’s rapid
urbanization through complementary efforts, such as fostering the development of
green buildings, sustainable travel and effective waste management policy.

Guangzhou, China Jingyan Fu
Kowloon, Hong Kong SAR, China Artie W. Ng
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Green Finance Reform and Innovation
for Sustainable Development
of the Greater Bay Area: Towards
an Ecosystem for Sustainability

Jingyan Fu and Artie W. Ng

Abstract The Greater Bay Area of China has reckoned the significance of sus-
tainability in furthering its economic development and growth. This chapter aims
to reveal the central planning policy approach that sets the main objectives for an
intergenerational sustainable development and growth in one of the most dynamic
economic regions of the world. It is envisaged as an opportunity to align with local,
regional, and international stakeholders’ interests about issues related to health and
sustainability, embracing the United Nations Sustainable Development Goals (UN
SDGs) and global climate change concerns. In order to reduce the external costs
associated with unsustainable developments and to leverage on an emerging green
financing system, certain constraints and targets within an ecosystem in alignment
with international standards are desirable to enable adoption of effective policies
and technological innovation for harmonizing the complementary clusters, societies,
and systems for sustainability through timely adoption of renewable and sustainable
energy facilities that are beneficial to the next generation of habitants.

Keywords Greater Bay Area · Ecosystem · Sustainability · Sustainable energy ·
Green finance

1 Introduction

On 18 February 2019, the Central Committee of the Communist Party of China
(CPC Central Committee) and the State Council of P.R. China (State Council) offi-
cially issued the Outline Development Plan for the Guangdong-Hong Kong-Macao
Greater Bay Area (hereinafter referred to as the Development Plan) [3]. As delib-
erated in the Development Plan [3], “The Guangdong-Hong Kong-Macao Greater

J. Fu
College of Economics, Institute of Resource, Environment and Sustainable Development, Jinan
University, Guangzhou, China

A. W. Ng (B)
School of Professional Education and Executive Development, College of Professional &
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4 J. Fu and A. W. Ng

Bay Area (Greater Bay Area) consists of the Hong Kong Special Administrative
Region (HKSAR), the Macao Special Administrative Region (Macao SAR) as well as
the municipalities of Guangzhou, Shenzhen, Zhuhai, Foshan, Huizhou, Dongguan,
Zhongshan, Jiangmen and Zhaoqing in Guangdong Province (hereinafter referred
to as “the nine Pearl River Delta (PRD) municipalities”), covering a total area of
56,000 square kilometres with a combined population of approximately 70 million at
the end of 2017” (see Table 1). In particular, it recommends ecological development
and environmental protection as priorities for developing a quality living area. The
Development Plan includes three main aspects for the financial development plan-
ning of the Greater Bay Area: constructing an international financial hub, developing
a financial industry with unique characteristics, and promoting the connectivity of
financial markets.

This initiative is expected to not only reinforce the national policy for sustainable
development, but also align with the United Nations Sustainable Development Goals
(UN SDGs) [17]. Sustainable development has been found increasingly critical to a
healthy living environment and mitigating the external costs in public health insti-
gated by pollution [6, 18]. In terms of a financial industry with unique characteristics,
theDevelopment Plan outlines different plans based on green finance for HongKong,
Guangzhou, Macao, Shenzhen, and other cities.

Table 1 Basic demographics in the Greater Bay Area (Source Adapted from Census and Statistics
Department of Hong Kong, Statistics and Census Service of Macao, the statistics bureaux of the
relevant PRD cities, Hong Kong Trade Development Council, 2018)

Area or city Size of
population
(million)

Land area
(sq.km)

GDP (USD
billion)

Per-capita GDP
(USD)

The Greater Bay
Area

71.16 56,904 1,642 23,075

Hong Kong 7.48 1,107 363 48,673

Macau 0.67 33 55 82,609

Guangzhou 14.9 7,434 345 23,497

Shenzhen 13.03 1,997 366 28,647

Foshan 7.91 3,798 150 18,992

Dongguan 8.39 2,460 125 14,951

Huizhou 4.83 11,347 62 12,908

Zhongshan 3.31 1,784 55 16,711

Jiangmen 4.60 9,507 44 9,570

Zhuhai 1.89 1,736 44 24,100

Zhaoqing 4.15 14,891 33 8,050

Notes
1. Based on current market prices
2. Calculated with the yearly average exchange rates
3. 2017 figure



Green Finance Reform and Innovation for Sustainable Development … 5

Fig. 1 Core and key node cities in the Greater Bay Area (Source Adapted from Constitutional and
Mainland Affairs Bureau, Hong Kong SAR Government, https://www.bayarea.gov.hk/en/home/
index.html)

Based on the advantages of industrial resources and the geographic characteristics
of different areas in the Greater Bay Area, the Development Plan defines Hong Kong
as the green financial centre of the Greater Bay Area, Guangzhou as the innovation
and experiment zone of green finance reform, and Macao as a complementary green
finance platform ([3]; see Fig. 1). In particular, theHongKongSpecialAdministrative
Region [5] launched its Green Finance Certification Scheme in support of corporate
green bond issuance among corporations based inHongKong. This initiative ismeant
to enhance the transparency and accreditation standards of green financial products
while strengthening the market confidence towards green finance [5]. Hong Kong
Monetary Authority [4] has reinforced this initiative by representing the HKSAR
Government in its inaugural green bond offering to refinance public capital projects
that enhances environmental sustainability [4].

This approach is intended to enhance a reciprocal opening and connection between
the green industry in the Pearl River Delta and the financial market components
in Hong Kong and Macao and to encourage the Greater Bay Area to become an
international strategic area of green finance development. Such amacro development
is considered necessary and feasible to utilize green finance to realize cross-regional
collaborative environmental management through the core cities in the Greater Bay
Area, namely Guangdong, Hong Kong, Macao, and Shenzhen (see Fig. 1).

https://www.bayarea.gov.hk/en/home/index.html


6 J. Fu and A. W. Ng

2 Green Finance as Driving Force to Promote
the High-Quality Economic Development

First, green finance is conceived as an important instrument in enhancing high-
quality economic and sustainable development [1, 2]. Green finance can achieve
the high-quality development of the real economy through the green transformation
of traditional industries and the establishment of a new green low-carbon circular
industrial system. Promoting the transformation and upgrading of industry while
introducing new factors represents an important approach to resolving industrial
land use controversies and further consolidating the foundation for the development
of real economy. The Greater Bay Area should rely on the well-established financial
industry of Hong Kong and Macao as the driving force and develop green industry
with support from the robust real economy in the Pearl River Delta.

Second, green finance can help break through the capital bottleneck of
sustainable development in the Greater Bay Area. Ecological protection and
restoration projects are often long term, making traditional bank loans inappropri-
ate. Resource allocation through innovative green finance is imperative. Therefore,
green finance has emerged with the development of ecological society. Such financ-
ing considers environmental factors in financial activities [14]. New institutions have
appeared to support the green transformation of traditional industries, complete the
foundation of green finance, and ensure the green flow of resources [11].

Third, green finance will help enhance the innovation and collaboration
capacity of the environmental governance mechanism in the Greater Bay Area.
In environmental governance, goals cannot be achieved depending solely on com-
mand and control. Market mechanisms must be allowed to come into play, e.g., to
motivate the participation and enthusiasm of polluters to actively reduce their pol-
lution. A green financial system will help introduce social capital into the field of
green finance. Subsequently, the efficiency of finance will increase, the financing
cost decreases, and the risk disclosure related to environmental issues will be more
effective [2, 11].

3 Articulating the Development of Green Finance
in the Greater Bay Area

The G20 Summit in 2016 included green finance in the leaders’ communiqué for
the first time, which resulted in a global blossoming of green finance. Prior to the
summit, the People’s Bank of China [13], jointly with six other regulatory bodies,
published Guidelines for Establishing the Green Financial System, which made the
launch of green finance development an international effort? The characteristics of
the Greater Bay Area, such as being strategic, international, market-oriented, and
inclusive, qualify it a well-suited region for the green finance development strategy
in China.
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3.1 Green Development Policy as Priority in the Economic
Planning

As early as 2010, the Framework Agreement on Hong Kong/Guangdong Coopera-
tion, the first guideline document on the collaboration betweenGuangdong andHong
Kong, already included ecological development and environmental protection as the
priorities for developing a quality living area. In 2012, the governments of Guang-
dong, Hong Kong, and Macao jointly released the Regional Cooperation Plan on
Building a Quality Living Area, which further defined the regional development goals
for collaboratively creating a quality living area. The plan specified the direction the
collaboration should take, such as environmental protection and changing models
of economic development. In March 2016, the State Council’s Guiding Opinions
on Deepening Pan-Pearl River Delta (PRD) Regional Cooperation advocated using
driving functions and demonstration effects of Guangzhou and Shenzhen in industry
upgrades and green development to develop the Greater Bay Area collaboratively
with Hong Kong and Macao. The 2017 Government Work Report first mentioned
planning for the “Greater Bay Area” of Guangdong, Hong Kong, andMacao. In July
2017, the National Development and Reform Commission (NDRC) and the govern-
ments of Guangdong, Hong Kong, and Macao signed the Framework Agreement on
Deepening Guangdong-Hong Kong-Macao Cooperation in the Development of the
Greater Bay Area. The agreement, signed in Hong Kong, described a blueprint for
the future Greater Bay Area of Guangdong, Hong Kong, andMacao. It also included
statements on “ecological priority and green development” and “promoting green,
low-carbon production and lifestyle as well as city development and management
models.” In December 2017, the Central Economic Work Conference specified that
the green development of the Greater Bay Area required scientific planning. The
development of the Greater Bay Area represents an important collaboration oppor-
tunity for the governments of Guangdong, Hong Kong, and Macao [7]. Previous city
projects emphasized the economy and finance and typically ignored the social envi-
ronment, such as the sustainable development of employment opportunities. Future
planning will incorporate sustainable development, the economy, the environment,
and employment in the development framework of key policies. It will also priori-
tize green, low-carbon lifestyles, and a suitable living environment in development
planning.

Currently, the implementation of green finance policies in the Greater Bay Area
remains in a preliminary stage (see Table 2). These green finance policies are not only
supporting policies for the top implementation tier of the structural reformation of an
ecological society. They are also important supporting measures for the upgrading
and transformation of entity industries while providing strategic guidance for green
finance and green industries. The development of green finance must rely on the
real economy. Prioritizing green and clean industries while limiting the financing
provided to industries with high pollution and high energy demand will facilitate
the sustainable development of green finance and green industries and bring positive
economic benefits.
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Table 2 Summary of green finance policies in the Greater Bay Area of Guangdong, Hong Kong,
and Macao (Source authors)

Timeline Area Official document Content

April 2016 Shenzhen Stock
Exchange

Notice of Shenzhen Stock
Exchange on the Pilot of
Green Corporate Bond

Standardizes the
procedure for issuing
green bonds and
identifies the policy
support for green bonds,
such as “green gateway”.
Recommends marking
green corporate bonds
with a “G” label and
actively guiding the
green bond market in the
exchange to support
green industries

May 2016 Hong Kong Developing Hong Kong
as a Regional Green
Financial Centre

Ensures that
international capital
markets invest heavily in
the economic transition
towards a green economy
and invest assets in green
products and projects
over the next few years

November 2016 Guangdong Implementation Advice
on Strengthening
Environmental
Protection and Financial
Integration to Promote
Green Development

Recommends explicitly
supporting
environmentally friendly
enterprises in issuing
bonds for direct
financing and
implementing the
issuance of green
financial bonds and
credit assets’
securitization

June 2017 Guangdong Interim Measures on the
Management of Pu Hui
Certified Carbon
Emission Reductions

Mandates formally
integrating Pu Hui
Certified Emission
Reduction (PHCER; the
volume of voluntary
carbon emission
reduction) into the
market replenishment
mechanism of the carbon
emission trading market

(continued)
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Table 2 (continued)

Timeline Area Official document Content

June 2017 Shenzhen Strategic Framework
Agreement of
North-South
Cooperation to Develop
Ecological Civilization
and Promote Green
Investment and Social
Responsibilities

Mandates actively
implementing the
country’s strategic
deployment of green
finance and green
development.
Coordinates cooperation
between industries,
governments, and
regulatory authorities to
promote the
development of green
finance and an ecological
society in Shenzhen

August 2017 Zhaoqing Zhaoqing Green Finance
Proposal

Proposes increasing the
cooperation between
government, financial
institutes, and
enterprises, firmly
establishing the concept
of green development,
actively innovating new
development
mechanisms of green
finance and supporting
arrangements, promoting
innovation in green
financial products and
services, and hastening
the completion of green
financial systems

May 2018 Guangzhou Green Enterprise
Identification Method in
the Green Finance
Innovation Experiment
Zone of Guangzhou,
Guangdong, and Green
Project Identification
Method in the Green
Finance Innovation
Experiment Zone of
Guangzhou, Guangdong

These identification
methods are based on the
level of both enterprises
and projects. They
provide evaluation and
identification indicators
for green enterprises and
projects in different
dimensions, such as
enterprise management,
enterprise environment,
technical level of project,
and project environment
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3.2 Development of Green Finance in the Greater Bay Area

3.2.1 External Comparison with Other World-Class Bay Areas

In 2016, the total economy of the Greater Bay Area of Guangdong, Hong Kong, and
Macao was $1.41 trillion USD, which was larger than the economies of the bay areas
of Tokyo and San Francisco, respectively. The gross domestic product (GDP) growth
(7.9%) was the highest among the top four bay areas in the world. GDP growth in
New York, San Francisco, and Tokyo was only 1.5%, 0.7%, and 1.6%, respectively,
for the same year. However, compared to other bay areas, gaps remain in industrial
structure, GDP per capita, and environmental indicators. The other three major bay
areas have nearly completed the upgrade and transformation of industry. In addition,
the proportion of tertiary industries remains relatively small in the Greater Bay Area.
The air quality indicator of particulate matter (PM) 2.5 was nearly three times higher
than that of the New York Bay Area (see Table 3).

Table 3 Comparison of green development between the Greater Bay Area of Guangdong, Hong
Kong, and Macao and the other world-class bay areas

Indicator (2016) Greater Bay
Area of
Guangdong,
Hong Kong, and
Macao

New York Bay
Area

San Francisco
Bay Area

Tokyo Bay Area

Population (ten
thousands)

6696 2285 765 3503

GDP (trillions
USD)

1.41 1.5 0.8 1.3

GDP per capita
(ten thousands
USD)

2.11 6.56 10.46 3.54

GDP growth
rate (%)

7.9 1.5 0.7 1.6

Proportion of
tertiary
industries (%)

65 91 83 82

Energy
consumption per
unit of GDP (kg
oil/USD)

0.214 0.129 (U.S.)a 0.129 (U.S.)a 0.09 (Japan)a

PM2.5 (mg/m3) 30 7 9 12

Source Development Report of the Greater Bay Area of Guangdong, Hong Kong, and Macao
(2018), Guangdong Institute of Social Sciences
Note abased on an estimate for the country as a whole
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3.2.2 Internal Comparison with Other Urban Agglomerations

The premise of achieving sustainable development in the Greater Bay Area is to
understand the economic situation and development differences between different
cities in the area. To achieve integrated planning for the area, accurate coordination is
required. Based on city GDP in 2010–2017, the 11 cities in the area could be divided
into four tiers. Hong Kong is in the leading tier. Guangzhou and Shenzhen are in
the second tier. The third tier includes Foshan and Dongguan. The other cities, such
as Zhongshan, Huizhou, and Zhaoqing, are in the fourth tier. At present, the overall
GDP growth of the Greater Bay Area has been steady and doubling. The GDP of the
GreaterBayArea rapidly increased to 9.21 trillion yuan (RMB) in 2016 and surpassed
10 trillion yuan (RMB) for the first time in 2017. The overall financial strength of the
Greater Bay Area is strong. The region includes Hong Kong, a world-class financial
centre, as well as Shenzhen and Guangzhou, where the financial industry has been
maturing over time. Therefore, the core cities, such as Guangzhou, Hong Kong,
Shenzhen, and Macau, can serve as the main driving force for growth and help
marginal cities to promote cooperation on green finance and development.

Development of green finance in Guangzhou

In 2016, Guangzhou became one of the first five national green finance reform inno-
vation demonstration zones approved by the State Council. This position involves
important responsibilities to strengthen the major structure of green finance, diver-
sify green financial product systems, perfect the market infrastructure, increase pol-
icy support, and develop risk prevention mechanisms for green finance. In response,
the Guangzhou municipal government issued a series of documents, such as the
Development Plan of the Regional Financial Centre of Guangzhou (2011–2020),
A Three-Year Action Plan (2016–2018) for Developing a Modern Financial Ser-
vice System in Guangzhou, and The Master Plan for Developing the Green Finance
Reform Innovation Pilot Zone in Guangzhou, Guangdong. These documents are all
related to policy measures for the development of green finance. According to statis-
tics, in 2016, the amount of loans for ecological protection, green and sustainable
energy, emission reduction, and the cyclic economy had reached 50 billion yuan
(RMB) in the city of Guangzhou. The number of green enterprises listed on a stock
exchange reached 30. The total amount of initial financing was approximately 10
billion yuan (RMB). The unit GDP energy consumption in the area, emissions of
carbon dioxide, and emissions of other major pollutants all met the regulating target
established by the central government. Table 4 provides a list of power plants under
active development in the Guangdong Province.

Further, althoughGuangzhou does not host many corporate headquarters of finan-
cial institutions, it has a large number of regional offices ofmajor financial institutions
of a significant scale.Mobilizing financial institutions to implement green finance for
sustainable development is an important component of Guangzhou’s policy strategy.
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Table 4 Major power-generating facilities being developed in Guangdong

Project name Value (USD
million)

Capacity (MW) Status Fuel type

Yangjiang Nuclear
Power Station,
Guangdong

11,903 6,480 Under construction Nuclear

Taishan Nuclear
Power
Plant—Phase I,
Guangdong

8,700 3,500 Under construction Nuclear

Geisha Offshore
Wind Farm,
Guangdong

725 198 Under construction Wind

Shenzhen East
Waste-To-Energy
Plant, Guangdong

65.4 168 At planning stage Biomass

Taishan Nuclear
Power
Plant—Phase II,
Guangdong

N.A. 3,500 At planning stage Nuclear

Source Fitch Solutions, Infrastructure and Project Finance, China, 28 February 2019

Development of green finance in Hong Kong

Green finance inHongKong has experienced two key developments. The firstwas the
decision to have the Special Administrative Region (SAR) government and issuers
regulated by public organizations issue green benchmark bonds to motivate more
market players to participate [16]. The second was the establishment of a certifica-
tion plan for green finance projects and securities to attract new issuers and investors
to the city [16]. Currently, Hong Kong is using its status as an international financial
centre to promote green finance to the mainstream. The number of public and pri-
vate institutions issuing green bonds in Hong Kong is increasing. These institutions
include MTR Corporation, Castle Peak Power Station, Link REIT, Town gas, and
China Development Bank. The issued bonds have a variety of currencies and peri-
ods. Hong Kong launched the Green Finance Certification Plan in 2018. The city
is also preparing to initiate a green sovereign bond issuance plan of $12.8 billion
USD, which will set the world’s record for the largest amount of green sovereign
bonds. Hong Kong is actively working with the upsurge in the development of green
finance and striving to play an important role in the regional development of green
finance. For example, Hong Kong is assisting enterprises and financial institutions
from Mainland China to issue green bonds overseas and to attract investments from
Hong Kong and international sources. Through this communication mechanism, it
helps international investors enter the bond market in Mainland China. Utilizing the
advantage of an offshore renminbi (RMB) market, it can promote the development
of green bonds denominated in RMB. Hong Kong is also endeavouring to establish
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an international green bond index and a platform for funds and wealth management
products.

Development of green finance in Shenzhen

In 2018, Shenzhen became one of the cities in the second group of nine green finance
reform innovation demonstration zones approved by the State Council. The devel-
opment of green finance has been showing good progress. Shenzhen’s commercial
banks have been developing increasingly diversified forms of green finance. The
Industrial Bank has invested in the corporate bonds of Dongjiang Environmental
Protection, which specializes in waste management. The Bank of China, Shenzhen
Branch, has realized asset securitization for the beneficial right of photovoltaics.
Financial institutions in Shenzhen fully support ecological development and indus-
trial upgrades to promote green, low-carbon, and cyclic economic growth. They are
constantly seeking to unite credit resources with the needs of green development.
Meanwhile, data from the Shenzhen Banking Regulatory Bureau indicates that the
balance of green finance-related loans in Shenzhen has been increasing at a remark-
able rate. In the first half of 2017, the loan balance of energy conservation and
environmental protection projects and services in the banking sector in Shenzhen
was 100.4 billion yuan, 8.37% higher than the growth rate of other loans during the
same period. Loans for clean energy and green transportation projects accounted for
a relatively high percentage. Loans for energy-saving and environmental protection
services and green construction projects also increased rapidly. On 13 December
2017, Shenzhen announced its accession to the International Network of Financial
Centres for Sustainability (FC4S). Joining the FC4Swill further enhance Shenzhen’s
international visibility in green finance.

Development of green finance in Macao

Macao has a small-scale economy, a large foreign dependence, and a monotonous
industrial structure. It must change its development model and promote diversifi-
cation in the economic structure. At present, the development of a green economy
has become the consensus of all sectors of Macao. The SAR government has com-
mitted to implementing all aspects of environmental protection and improving the
level of environmental protection to “build a low-carbon Macao and share a green
life.” The development of a green economy in Macao has three advantages. First,
the industrial structure relies heavily on the service industry. Macao’s economic
structure has been focused on the tertiary industry. With less investment, low con-
sumption, low pollution, and high efficiency, the development of a green economy
offers natural industrial structure advantages. It is reasonable for Macao to become
the engine of green economic development. Second, the green development index
is high. The green development index primarily includes three categories: the green
degree of economic growth, the carrying capacity of resources and environment, and
the support of government policy. ForMacao, themodern service industry is themain
area of green economic growth. Its current environment of low resource and energy
consumption is the foundation. The SAR government’s confidence and measures to
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develop a low-carbon economy provide fundamental assurance. The combination of
these three factors positions Macao’s green development index among the highest
in Asia. Third, Macao residents have a strong understanding of the green econ-
omy. In addition, the Macao International Environmental Cooperation Forum and
the Asia-Australia Forum, hosted byMacao, both focus on low-carbon, environmen-
tal protection, and the development of a green economy. These efforts indicate that
Macao has paid substantial attention to and been deeply involved in the articulation
of a green economy aiming to enhanceMacao’s international status in environmental
protection.

4 Exploration and Practice of National Green Finance
Reform Demonstration Zone

4.1 Features of Guangzhou Green Gold Reform Pilot Area

In August 2016, the Central Leading Team for “Comprehensively Deepening
Reform” approved the Guidelines for Establishing the Green Financial System,
which was a milestone for an increasingly developed top-level green finance sys-
tem in China. The development of green finance requires both top-down design and
bottom-up grassroots innovation and exploration. On 23 June 2017, the People’s
Bank of China and seven other state departments issued the Master Plan for Devel-
oping the Green Finance Reform Innovation Pilot Zone in Guangzhou, Guangdong,
which specifically identified Guangzhou’s Hued District as the core area for devel-
oping a green finance reform innovation pilot zone in Guangzhou. Among the first
group of green finance demonstration zones, areas in five provinces (regions), includ-
ing Zhejiang, Jiangxi, Guangdong, Huizhou, and Xinjiang, were selected to develop
green finance reform innovation pilot zones with different specialities and features.
The system mechanism was investigated to search for a replicable experience.

4.2 The Advantages

Among the five provinces (regions), the Guangzhou Green Gold Reform Pilot Area
is the most economically advanced demonstration site. As a pioneer in reform and
opening-up, the market economic system is relatively mature in Guangdong. The
focus of the reform is to investigate a new development model that integrates green
financial reform and economic growth.

The Guangzhou Green Gold Reform Pilot Area is the only green gold reform
zone with a pilot carbon-trading project, which has unique advantages in the coordi-
nated development of carbon emission trading and green finance. It also has policy
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advantages in the development of carbon finance and carbon sinks. So far, the innova-
tive carbon finance practice in Guangdong has been in the forefront of the country’s
seven pilot carbonmarkets. By the end of 2017, cumulative transactions in theGuang-
dong carbon market exceeded 1.5 billion yuan (RMB), accounting for 31.7% of the
total transactions of all carbon-trading pilots in China. It became China’s first pilot
carbon market with a spot transaction amount over 1.5 billion yuan (RMB). Guang-
dong, Hong Kong, and Macao are expected to construct a green financial system and
develop a regional green financial centre.

The Guangzhou Green Gold Reform Pilot Area and the Greater Bay Area of
Guangdong, HongKong, andMacao both represent strategic decisions at the national
level. The two strategies complement and promote one another, forming the basic
development characteristics of theGuangzhouGreenGoldReformPilotArea.Within
the Greater Bay Area, Hong Kong and Macao have the advantages of being inter-
national financial centres. Foshan, Dongguan, and other cities have advantages in
manufacturing. The complementary development among cities in the Greater Bay
Area provides important support for the development of the Guangzhou Green Gold
Reform Pilot Area.

5 Green Development in Guangzhou City Through
an Innovative Ecosystem for Sustainable Economic
Growth

5.1 Promoting High-Quality Economic Development
Through Environmental Protection

To ensure high-quality economic development, it is imperative for the governments
involved to develop a set of transparent evaluation criteria for green developments
in GBA. In comparison with traditional projects, green projects have certain public
attributes. Their key features include energy saving, emission reduction, and a con-
cept of green development. For instance, as of the end of March 2018, 100 electric
buses had been put into use in the green finance reform pilot area in Guangzhou. The
expected annual reduction of fossil fuels is 1397 tons, that of nitrogen oxide emission
is 3492 tons, and that of carbon dioxide emission is 5624 tons. The effect of emission
reduction is equivalent to planting 22,000 trees. The introduction of electric buses
effectively reduces the exhaust emission of buses in the pilot area and improves air
quality.

Being consistent with the policy orientation to serve the real economy, the
Guangzhou Green Finance Reform Demonstration Zone has compiled the Green
Enterprise Identification Standard in the Green Finance Innovation Pilot Zone of
Guangzhou, Guangdong, and Green Project Identification Standard in the Green
Finance Innovation Pilot Zone of Guangzhou. These documents define the standards
used to identify green enterprises and projects in multiple dimensions, including
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enterprise and environment, project technical level, and project and environment.
They also define the boundaries for green enterprises and projects and identify over
1200 green enterprises and projects.

Green development has been promoting industry upgrades. Green finance projects
encourage entities to save energy and reduce emissions. Their major direction is to
support the development of companies that provide energy-saving services. The ori-
entation of investment explicitly supports green finance and industrial development.
For example, Guangdong Efficiency Power Plant has achieved reductions in energy
consumption and emissions. It also has entirely changed the traditional production
and development structures of a utility company by replacing fossil fuels and hydro
with renewable energy. The transformation exhibits prominent characteristics of an
industry chain upgrade.

5.2 Implementation of Green Development with Innovative
Government Support

Some specific measures taken by the Guangzhou City Government to support green
development are highlighted as follows:

i. The government directly releases policies and implementation details to pro-
mote green development. For example, to promote the development of the
Guangzhou Green Finance Reform Pilot Zone, Guangzhou was the first to pub-
lish detailed guidelines for the green finance pilot zone on 11 July 2017. On the
same day, its Hued District released detailed guidelines for the green finance
pilot zone, namely the “1 + 4” matching policy to support green finance and
green development.

ii. Government departments rely on green funds to support green projects and inno-
vate green financial market instruments based on market demand. For example,
relying on the Energy Efficiency Power Plant Fund from the Asian Develop-
ment Bank, Guangdong Energy Conservation Centre offers a series of policy
measures, including innovative collateral, energy-saving awards and incentives,
low-cost financing, long-term loans, and government undertaking of external
risks and project management costs. They thoroughly consider the character-
istics of specific enterprises (including third-party energy-saving companies,
state-owned companies, and private companies) and projects and make substan-
tial contributions to the implementation of the Guangdong Efficiency Power
Plant project.

iii. A focus on supporting the green development of small- andmedium-sized enter-
prises and creating new models of green finance. In the progress of developing
a green financial reform pilot zone, Hued District established a platform for risk
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prevention and control of greenfinance. The district registered all of itsmore than
30,000 enterprises and invented an identification procedure for green enterprises
and projects. More than 1200 green enterprises and projects were identified. The
platform’s administrators not only pay attention to the largest energy consumers
in the district but also support a number of small- to medium-sized enterprises.
Risk control and green certification services are provided to these enterprises,
thus enhancing these enterprises within the parameters of Guangzhou’s green
development practices.

5.3 Adoption of Market Instruments to Motivate Enterprises
to Participate in Green Development

In its green development practice, Guangzhou has comprehensively used various
marketization instruments, created innovative mechanisms of green development,
and enriched the meaning of green development. In this manner, green develop-
ment inGuangzhou has been significantly promoted.More specifically, Guangzhou’s
approach has been as follows:

i. Fully utilize the mechanisms of pricing and supply and demand. Establish the
concept of compensation for use through market tools, such as the trading of
environment rights and carbon. Encourage enterprises to conserve energy, protect
the environment, and achieve green development.

ii. Fully utilize the effects of the credit interest rate. Motivate enterprises to con-
vert their green development projects to market projects through interest sub-
sidies and financial incentives. In its green development practice, Guangzhou
has successfully converted a number of green development projects to market
projects, as represented by the Efficiency Power Plant project. The various effec-
tive approaches, including interest discounts, simplified procedures, innovation
guarantees, and financial awards, have helped enterprises pass the breakeven
point and successfully implement green development projects.

An illustration of an integral ecosystem for sustainable development facilitated
by an array of complementary renewable and sustainable energy facilities is depicted
in Fig. 2.
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Fig. 2 Illustration of an ecosystem for renewable and sustainable energy (SourceWaterloo Institute
of Sustainable Energy, University of Waterloo with permission)

6 Direction for Further Investigation in the Future:
Innovation Through Green Finance in the Greater Bay
Area

6.1 The Dual Attributes of Green Finance as Both Financial
and Public Instruments

Because ecological and environmental protection has a strong public dimension, it
is difficult to meet the financial demand for ecological and environmental restora-
tion by relying solely on government support. In this case, how to use the market to
provide adequate financing for ecological environmental projects has become a new
question in public finance. Green finance involves the entry of private capital into the
field of public products. It has both financial and public characteristics. The financial
characteristics refer to the demand for rewards for achieving sustainability without
pursuing maximum profits. The lower cost of financing makes such rewards possi-
ble. Finance has two characteristics with respect to the efficiency of using funds. The
first is that finance is an exchange of value across time periods. The second is that
finance can connect supply and demand across regions. Green finance connects the
demand and supply of ecological environmental resources through the cross-period
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and cross-regional characteristics of financial means and achieves the market value
of ecological environmental resources and the optimal allocation of resources. Com-
pared to traditional finance, green finance also has characteristics of public products,
which include the characteristics of asymmetric information, maturity mismatch,
and external benefits. Therefore, investigation of financing models is required in the
context of policy, finance, and the combination of the two, combinedwith the specific
characteristics of a project. First, for public products, government financial support
should be provided. Second, for quasi-public products and profitable public products,
joint financing involving government financial support and market financial means
could come into play, which in turn enable innovation in the design of green financial
products in alignment with a sustainable and healthy living environment. Under such
an amiable environment, business and service sectors that require immense R&D as
well as technological innovation can be nurtured and expanded.

6.2 Issues with Information Asymmetry and Initiatives
to Enhance the Measurement of the Green Standard

Because green projects are characterized by long project terms and long return cycles,
financing difficulty is amajor obstacle to their development.Greenfinance is an effec-
tive tool to provide financial support for green projects. Green bonds offer a series
of advantages, such as long periods and low costs, and are one of the most efficient
green financial products. The total amount of China’s green bonds issued in 2017
was $36.4 billion USD. Except for coal, certain large hydropower projects, and other
projects that do not meet international standards for green bonds, the total amount
of issuance of green bonds certified by both international and Chinese standards was
$22.5 billion USD. The issuance of green bonds certified according to the Chinese
standard alone was $13.9 billion USD. China’s total amount of green bond issuance
ranked second in the world in 2017. Certain green bonds certified by the Chinese
green bond standard are not recognized internationally because of the difference
between Chinese and international green bond standards. In addition to these dif-
ferences between Chinese and international standards, there are multiple Chinese
standards. First, the People’s Bank of China, NRDC, and the stock exchanges have
three different green bond standards. Second, the green bond standards are inconsis-
tent with green credit standards. Assets identified as green credits do not necessarily
meet the green bond standard after securitization. In addition, the current evaluation
standards simply distinguish green or non-green without any intermediate range.
There is no measurement of the degree of greenness. A measurement method is
much desired with which one can evaluate the “green value” of the economic activ-
ities. Third-party assurance of actual environmental performance of green-financed
projects would be an opportunity to deal with the institutional constraints that largely
focus on the planning stage of environmental impact assessments in the country [8,
p. 12].
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6.3 Clarifying the Boundary Between Government
and Market for a Long-Term Collaborative Mechanism

How to effectively reduce the cost of green finance to develop green industry is
the key to the formation of a long-term mechanism for green industry. While the
environmental and social benefits of green development are clear, the economic
benefits are difficult to perceive in the short term. Sustained investment of green
financial resources is required. The early development of green industry is difficult to
achieve depending on market forces alone. Government intervention and promotion
are required. However, with limited government financial resources, it is necessary to
consider questions such as how to use the leverage of government funds, make green
projects more attractive to financial institutions, encourage more social investment
in green industries, and develop a mechanism for the withdrawal of government
intervention. Green finance is currently primarily invested in individual enterprises,
such as sewage treatment andwaste incineration projects. A relatively successful case
that crosses the boundary between government and business is the Fifth Thermal
Power Plant in Guangzhou’s Hued District. The project investment was sourced
from enterprise and bank loans, whereby loans represent 80% of the total project
financing. To receive construction funding and resolve the risk concerns of the bank
credit support, the project uses cost to determine the price for waste treatment and
provide qualified collateral for project financing. The government has developed
a financial balancing plan. The waste treatment fee was set at 148 yuan (RMB)
per ton. The project will have an 8% annual profit rate. Meanwhile, government
purchase contracts have been signed. The company uses the power generation profit
to determine the future rights of return as collateral for bank credits. Based on these
facts, is there an ideal linkage point for green finance, city management, and land
development? Can we further integrate land and real-estate appreciation to improve
regional environment and promote financial innovation on a larger scale?

7 The Way Forward: Augmenting Green Finance
Innovation for High-Quality Development

In the future, green financial innovation must respond to the following questions in
terms of system and practice. First, how can market-based private capital participate
more in greenfinancewith a long-termmechanismbe established so as to optimize the
government’s involvement? Second, how can the external benefits of green finance
be integrated into the application and evaluation of projects, so that green finance can
be advocated to promote the development of municipal infrastructure? Third, how
can we develop a pluralistic co-governance model that encourages stakeholders’ and
public participation at large?
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7.1 Determining the Industry Standards, Constraints,
and Targets for the Development of Sustainable Energy
Infrastructure and Green Industry

Developing green standards is a fundamental issue for green investment and the
development of green finance. First, a set of acceptable green finance standards need
to be established. The required measures include the formation of green product
and service standards, green project identification standards, green credit evaluation
standards, and green finance statistics standards that can be widely applied in Guang-
dong,HongKong, andMacao. Second, based ongreen industry standards, enterprises
can be rated based on their degree of environmental sustainability. Such rating will
eliminate the intermediate state between green and non-green ones. Second, poli-
cies should be derived to incentivize various degrees of “greenness”. For example,
outstandingly rated green enterprises would receive corresponding tax or industrial
land use benefits. Support in the form of loans would also be provided to priori-
tize the credit demands of these enterprises. Third, the standards for green industry
must be studied adopting a holistic approach. Green industry standards should be
expanded into a set of integrative green standards applicable to green energy, green
industries, green campuses, green enterprises, and green supply chains. Industrial
upgrades using the specialties of green finance should be promoted. In particular,
a clear objective is to drastically reduce greenhouse gas emission resulting from
industries in alignment with the global objective towards zero emission from the
power-generating facilities and transportation vehicles that fundamentally empower
the overall logistics and supply chain of green industry. Policy makers need to for-
mulate mechanisms to seek multitude views of local and regional stakeholders in
developing the pertinent policies for green developments and adoption of renewable
energy given the diversity of stakeholders in GBA [10, 12]. In particular, the policy
makers can adopt the “backcasting” as a planning tool to determine the targeted
timeline of sustainable goals while resolving the hurdles to be overcome over the
period of sustainable development prior to attaining such goals [9, 15].

7.2 Encouraging Innovation in Green Finance Models
that Are Sustainable

A relevant example is the experience of the Asian Development Bank (ADB)’s
Guangdong International Loan Project. This project started in 2002 and is the first
green credit project in China. The financing arrangement of this project has been
changed to extend the repayment period from three to eight years. This change was
made due to the fact that the alternative associated energy projects possess three
important characteristics: a long-term investment cycle, a relatively large scale, and
manageable risk.WhenADB loans were first implemented (more than 10 years ago),
alternative energy projects were not yet treated as part of the strategic industries in
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China. Another reason is the time demanded by energy improvement and trans-
formation. While such projects are not profitable during the period of equipment
replacement, the lender requires the enterprises to repay their loans based on the
free cash flows generated using their energy savings. Such innovative loan approach
enables the external environmental benefit that the environmental enterprises provide
to society to moderate the repayment period. This mechanism can extend the time
required to resolve the maturity mismatch of green finance.

7.3 Design of Scalable Green Finance Mechanisms

Taking the characteristics of the external benefits of green industry into consideration
is essential for industry upgrades high-quality economic development while advo-
cating green city qualities. It is advantageous to embrace environmental ecological
values supported by a feasible financing plan for infrastructure development. That
is, because of the expected environmental improvement and the potential apprecia-
tion of assets of improved sustainability qualities, it is justifiable to introduce green
finance aswell as investment opportunities that enable the implementation of scalable
environmental improvement projects. The motivation for enterprises to participate
in green projects largely depends on the extent of whether the government can for-
mulate policies that help safeguard their expected returns while containing the risks
involved; thereby, the features of green finance that mitigate the external costs of
environmental degradation can be realized.
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Climate Disclosure and Climate Risk
for Asian Companies
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Abstract Climate risk is now recognised to be significant to the businesses and soci-
ety overall. A fast-changing environment with the new regulation, policy changes,
technological shifts and consumer behaviour is expected to put significant pressure
on companies. Companies are starting to realise that business-as-usual scenario is
no longer valid. Nonetheless, few company leaders seem to grasp the idea of what
climate risk means, let alone internalise these risk and carry stress test scenarios.
The card of downplaying these risks as too uncertain or distant in future is no longer
credible. Company executives need to take measure to create a resilient and finan-
cially sustainable business. This paper discussed the relevance of climate risk for
companies. While the topic is increasingly catching attention, little work is done
documenting and analysing the economic and financial impact of climate change
on a country, sector and firm level. This chapter tackles that issue on two levels.
First, it analyse the climate disclosure and climate risk for Asian-based companies.
Second, we look at country-specific climate risk and its relationship with financial
performance. It shows that climate risk disclosure is still in very infant stage in Asia
despite the need for much more. The author observes an overall negative relationship
between climate risk (and physical risk) and company valuations captured by P/E
and P/B ratios. This is an essential result for asset managers, and asset owns for
valuations and portfolio allocations. Once considered a hidden and extreme risk, and
climate risk, it should be considered a systematic risk and therefore demand a risk
premium.
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1 Introduction

Climate risk is now recognised to be a significant risk to the businesses and society
overall. According to MSCI 2018 report on climate change, economic losses are
projected to reach at least 14.37% of the country GDP for a high-warming scenario
(+6%), and that number excludes equally large climate-related costs such as migra-
tion, diseases and social conflicts. Companies are under pressure to report on how
climate change affects their operations and financial performance. A more transpar-
ent disclosure will be beneficial to the investment community looking to transit to
a low-carbon economy. Investors are increasingly expecting companies to report on
climate-related risks with as much as rigorous methodologies and clarity as any other
financial risk. Climate risk is particularly important for long-term investors. Reduc-
ing exposure to carbon heavy sectors does not necessarily reduces performance as
shown in Andersson et al. paper [1].

Meanwhile, company executives have barely paid any minimum level of attention
to the climate issues. A recent report from McKinsey [16] states, they either fail to
understand climate risk or believe that is toodistant to effects today’s valuations. Their
un-action might be fatal for companies operating in certain sectors such as energy,
utility ormaterials.KPMGsurvey onCorporateResponsibility [14] states that 72%of
large andmid-cap companies do not acknowledge the financial risk of climate change
in their annual financial reports. And on the minority that acknowledges such risk,
only 4% provides some data on the business value-at-risk. The one that reports the
data is typically companies from countries where such disclosure is either mandatory
or encouraged from the government, regulatory or stock exchange institutions.

In order tomeasure the climate risks, the industry (alongside IFC andWorldBank)
has developed some necessary general measures. The very basic one relies again on
carbon emission disclosure. The problemwith this measure is that it is very narrowly
defined and it is backward looking. Ceres [9] uses a climate measure that captures
both the textual context and the length of the disclosure. While not perfect, it has
already been used by a few academic researches with mixed success.

Meanwhile, academic research1 on the impact of climate risk is minimal due to
the lack of market focus and meaningful data. The lack of market focus is associated
with the market misperception of climate risk as a long-term risk. In reality, these
risks span from short- to mid- to long-term horizon. Hence, there is an urgency to
educate the market, the companies and the investors that these risks will hit them
faster than expected. As such, the need for proper analysis and business adaption to
climate change is strongly pressing ahead as discussed in Litterman et al. [15]. Recent
studies of Hong et al. [11], Jong et al. [13] as well as Cicero [7], Deutsche Bank [10]
and Caldecott et al. [8] emphasise that both physical risk and transition risk have a
material impact on company level. Schroders InvestmentManagement [17] estimates
that companies would have to spend at least 4% of their market value to ensure their
asset against physical climate risks. In 2017, the Task Force on Climate-Related

1https://www.cfapubs.org/doi/pdf/10.2469/faj.v72.n3.2.

https://www.cfapubs.org/doi/pdf/10.2469/faj.v72.n3.2
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Financial Disclosure2 released reports and called for better climate risk reporting,
climate risk management and stress test scenarios. Given the regulatory pressure
and increased market awareness, rating agencies such as Moody and Standard and
Poor’s are planning to incorporate (or are partially incorporating) such risks into
credit ratings.

In the following pages, we aim to provide the investors with valuable insights
on climate risk measures and the relationship of climate risk with the company’s
financial health and finally explore the relevance of specific dimensions of climate
risk to company’s financial and profitability ratios. By shedding light on the relation
of climate risk to company profitability ratios, i.e. ratios that are widely used by
investor to screen companies, we hope to decode and simplify the climate risk with
the purpose of conveying the clear message of the danger of mispricing climate risk
and ultimately motivate the investors to shift their capital from irresponsible and
short-sighted businesses to resilient and sustainable ones.

We show that there is a clear trade-off between climate risk and company per-
formance. From a portfolio allocation perspective, investors should be mindful of
reducing exposure to countries that have high climate risk. Our intra-region anal-
ysis provides a heat map of country exposure to climate risk and its components
specifically.

2 Defining Climate Risk

Climate risk is the risk of our planet, society and business face due to climate change,
and given the increasing number of evidence-based research, we can, with a certain
degree of confidence, attribute that to global warming. Climate risk has in general
four components: first, the physical risk of being exposed to extreme weather events
as well as climate change; second, the transition risk related to regulatory changes
to mitigate climate change; third, the technological advancement of renewables and
energy efficiency increase the risk to existing industries relying on fossil fuels; and
fourth, it is the social risk due to changes in consumer trends and behaviour.

While climate risk can be decomposed into four categories, we will only focus on
the two most relevant categories such as physical and transitional risk. Each of these
risks has a significant financial impact on company assets, operations and valuations
overall.

Physical risks are related to both climate and extreme weather events such as heat
waves, storms, floods, fire, droughts, sea level rise. This once thought to be rare events
is happening at not only a much higher frequency but also an increasing intensity.
The result is considerable economic and societal damages. Naturally, although not at
the desired speed, the market is starting to realise that these impacts are not a one-off,

2https://www.fsb-tcfd.org/wp-content/uploads/2017/06/FINAL-TCFD-Technical-Supplement-
062917.pdf.

https://www.fsb-tcfd.org/wp-content/uploads/2017/06/FINAL-TCFD-Technical-Supplement-062917.pdf
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but have profound implications in our ecosystem. As such, companies will have to
adapt or face extinction.

Transition risk arises from the transition from high-carbon to low-carbon econ-
omy. They are associated with policy, liability, technological with in-depth market
and social implications. The additional societal risk while recognised as significant
is not included in the calculation given its difficulty and complexity.

A simple analysis of the country to country basis reveals that some countries fare
better in physical risk, but worse in transition risk. For example, the MSCI 2018
study reveals that Europe is in physical risk, but not facing a high cost on transition
risk.

In order to find out some relationship between climate risk and financial per-
formance, some key performance indicators (hereinafter KPIs) are necessary for
quantifications. Given the lack of comprehensive disclosure on climate risk, we need
to combine two different data sources: Bloomberg and CDP. The KPIs for climate
risk are taken from the CDP website. The Bloomberg data is used for measuring
physical risk, while CDP data for transition risk.

A significant number of companies have released specific indicators that are used
to measure physical risk and transition risk, respectively.

2.1 Measuring Physical Risk

Physical risk is calculated using BlackRock model3 and ESG Environmental Dis-
closure Sector in Bloomberg terminal, namely the quantity of total GHG (or carbon
dioxide if GHG not available) emission, total water consumption and total waste
disposal.

Physical risk= function (GHGemission, water consumption, waste disposal)

The level of physical risk elicited by each element is determined by its magnitude;
for example, if the total GHG emission is 2440.20 metric tons (2.4402 × 103), the
physical risk level merely due to GHG emission should be 3. Analogously, physi-
cal risk level attributed to water consumption and waste disposal is measured with

3Blackrock: Adapting Portfolios to Climate Change, September [5].
• Resource efficiency: Companies that generate more sales with less carbon, water and waste

are deploying resources more efficiently. Companies that recycle are rewarded with a higher score
while those contributing to landfills are penalised.

• Climate risks: Estimating risks to companies, ranging from the effects of possible carbon taxes
to the impact of extreme weather events on labour productivity, then estimates temperature-induced
income shocks. It captures how firms perceive their exposure by counting the absolute number and
change in disclosed climate-related risks.

• Climate opportunities: Finally, identify potential winners by tracking filed green patents and
disclosed climate opportunities, and the annual change on these metrics. This is meant to cap-
ture corporate shifts towards alternative energy and innovations such as cleaner chemicals, new
wastewater treatments and energy storage.
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the same principle. For example, in our sample Li Ning Company Ltd, a Chinese
company that makes sports goods, reports the following KPIs:

i. Total GHG emission of 2440.2 = 2.4402 × 103

ii. Total waste of 337.1 = 3.37 × 102

iii. Total water consumption of 66540 = 6.6540 × 104,

The physical risk is therefore equal to = 3+2 + 4 = 9. In our analysis, we will
exclude companies that have not reported on all three items; i.e. we require full
disclosure. The KPIs are therefore all in absolute levels and are not normalised for
company size or sales.

2.2 Measuring Transition Risk

Transition risk to a low-carbon and resilient climate future is dependent on specific
industrial scenarios as well as regulations and policies of the country where the
company locates. More severe climate impacts combined with a less successful
implementation of the climate disclosure and regulatory framework will likely result
in a significantly large and devastating financial risk for companies. In this study,
transition risk is calculated based on CDP scoring and the category of industry.
CDP scoring is an indicator of a company’s performance addressing climate, more
specifically environmental issues. The scoring4 is sector specific, hencemore intuitive
to interpret climate risk per sector.

Based on the degree of disclosure and the level of discussion of climate-related risk
within the company level, the CDP has developed an intuitive approach to presenting
scores. The score that highlights a company’s progress towards leadership uses a
four-step approach:

i. Disclosure: The completeness of the company’s response to the CDP question-
naire;

ii. Awareness: The extent to which the company has assessed climate issues, risks
and impacts about its business;

iii. Management: To what level has the company implemented actions, policies and
strategies to address climate issues; and

iv. Leadership: The steps that a company has taken which represent best practice
in the field of climate management (Fig. 1).

The logic of scoring is simple. For example, each company has to satisfy at least
80% of the criteria for the lowest level and a minimum number of the requirement
in each category, i.e. disclosure to progress to the next level that is awareness and

4It is nonetheless important to clarify that the score does not reflect any technological and societal
risks that are equally important, but understandably difficult to quantify and analyse.
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Fig. 1 CDP scoring (reproduced from CDP website) CDP (A-leadership; B-management;
C-awareness; D-disclosure; F-failure to provide sufficient information for evaluation)

management. Only a score higher than 80% will lend them to the leadership class.
For more, refer to CDP Scoring Introduction 2018.5

However, numeric CDP scores for companies requested by CDP questionnaires
are not transparent on the CDPwebsite, because only nominal grades are given in the
reports for some companies. Therefore, there is a need to translate nominal grades
into numeric scores as shown in Appendix 1.

Larger transition risk could incur if the disclosure and regulation framework are
not strong enough, meaning a higher CDP score indicates a lower transition risk.
Based on BlackRock model, a transition risk is a numeric number ranging from
0.5 to 3. Given the negative relationship between transition risk and CDP score, we
calculate transition risk with the following formula:

TransitionRisk = 3 − (3 − 0.5) ∗ numeric CDP score%.

Total climate risk is defined as:

Climate risk=Physical risk+Transition risk

Having defined both physical and transition risks aswell as determined the relation
between the two, our ultimate objective is to study the extent of climate risk disclosure
in Asia. To answer the question, we will look at 350 Asian companies that reported
to CDP during 2017–2018. However, before dwelling into the Asia region, there
is a need to understand how climate disclosure and climate risk appear in other
regions. To set the scene, we consider two groups: emerging market companies and
US companies that report to CDP and have data on Bloomberg.

5https://b8f65cb373b1b7b15feb-c70d8ead6ced550b4d987d7c03fcdd1d.ssl.cf3.rackcdn.com/cms/
guidance_docs/pdfs/000/000/233/original/Scoring-Introduction.pdf?1479494696.

https://b8f65cb373b1b7b15feb-c70d8ead6ced550b4d987d7c03fcdd1d.ssl.cf3.rackcdn.com/cms/guidance_docs/pdfs/000/000/233/original/Scoring-Introduction.pdf%3f1479494696


Climate Disclosure and Climate Risk for Asian Companies 31

3 Climate Risk Disclosure in Emerging Markets

Given that climate risk is a new topic in the market and the difficulty associated with
it, it is normal to expect a low level of awareness and therefore low disclosure not
just in Asia, but developed as well as developing countries. To draw a comparison
for Asian companies, we study:

i. Companies that sit on the top 50 and bottom 50 MSCI Emerging Market ETF
Index as of June 2018;

ii. One hundred and thirty-six US public companies that are among the top global
500 companies which have responded to the CDP questionnaire in 2013. While
the US data of 2013 is not directly compatible with the 2017 MSCI data, the
year mismatch helps in analysing the level and the speed of climate awareness,
climate adaption and climate-related disclosure of emerging countries and Asia
in particular versus the USA.

Among the top 50 companies in the MSCI EM ETF Index, only 44 companies
have responded to the CDP questionnaire. Among these 44 countries, 3 are from
Hong Kong, 8 are from South Korea, 10 are from China, 2 are from Taiwan, 5 are
from South Africa, 5 are from Brazil, 4 are from India, 2 are fromMexico, 3 are from
Russia, 1 is from Thailand and 1 is fromMalaysia (see left side of Fig. 2). Complete
environmental KPI disclosure on Bloomberg is only 36.64%.

Among the bottom 50 MSCI EM ETF companies, only 43 companies have
responded to the CDP questionnaire. Among these 43 countries, 2 are from Tai-
wan, 6 are from South Korea, 4 are from Turkey, 1 is from the Czech Republic, 3 are
from the Philippines, 2 are from Thailand, 2 are fromMexico, 2 are from the United
Arab Emirates, 8 are from Malaysia, 1 is from Egypt, 1 is from South Africa, 1 is
from Greece, 5 are from India and 5 are from Indonesia (see right side of Fig. 2).
Complete environmental disclosure on Bloomberg: 18.6%.
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Fig. 2 Distribution of MSCI EM ETF top 50 and bottom 50 companies reporting to CDP
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Fig. 3 CDP rating for 136 US companies versus top 50 and bottom 50 MSCI emerging market
companies

Looking at the dispersion of companies that occupy the top versus bottom 50 of
the MSCI EM Index, a couple of observations emerge from Fig. 2. The market is
more disperse for the lower bottom than the top. China is the country with companies
that report themost to CDP,whileMalaysia has the highest number of companies that
while part of the MSCI EM ETF does not report to CDP. South Korean companies
are almost equally represented.

Our next point of interest is to investigate the extent to which the emerging market
companies are addressing climate risks as per the CDP questionnaire. Figure 3 plots
top 50 versus bottom50 emergingmarket companies that are part of theMSCI emerg-
ing market ETF. Also, we compare their numeric disclosure6 to 136 US companies
reporting toCDP in 20137. TheCDP coding stands forA-leadership, B-management,
C-awareness, D-disclosure and F-failure on climate-related risks. The desired result
would be to have more companies rated at A-level and only a few at D- or F-level.

The results are striking.Most of the emergingmarket companies are at the F-level,
meaning failure to disclose enough information on climate risk that is due to either
lack of understanding or lack of awareness of climate risk, or combination of the
two. Second, companies seating at the MSCI EM ETF bottom 50 have a deficient
climate disclosure relative to the MSCI EM ETF top 50 companies. Put it differently
in 2018, 81% of bottom 50 fails to disclose sufficient information relative to only
40% for the top 50 companies and 2% for US companies. Put it differently, even after
a gap of 5 years, Asian companies part of the MSCI EM Index and respective leader
in their countries are far behind in acknowledging and measuring climate risk.

6Fortunately, numeric CDP scores are released on CDP website for all these 136 US companies.
7https://data.cdp.anet/Climate-Change/2013-Global-500-Emissions-and-Response-Status/marp-
zazk.

https://data.cdp.anet/Climate-Change/2013-Global-500-Emissions-and-Response-Status/marp-zazk
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Regarding distribution, it is interesting to see that MSCI EM ETF top 50 compa-
nies oscillate between leadership and failure to provide sufficient information (30 vs.
40% tails) exhibiting a U shape distribution. This indicates a large dispersion even
within the top-rated companies, with some clear leaders in the space and existing
opportunities to profit from. In comparison, the 136 US companies exhibit a quasi-
normal distribution with positive skewness. The majority of US companies will be
concentrated in the bodywith sufficient disclosure, but not many leaders in the indus-
try. Given the increasingmarket attention to climate risk-related disclosure, we firmly
expect the skewness to be even stronger with more US companies concentrating on
the top two rankings (A-level and B-level).

With the growing importance of the topic, we expect more companies to populate
the A/B and C area indicating high levels of leadership/management and awareness
of climate risk.

4 Climate Risk and Financial Performance

After looking at climate risk disclosure, we further explore the relationship between
climate risk and firm performance. We hypothesise that firms with high climate
risk should have a low firm valuation or higher beta as per Trinks et al. [20] it is
nonetheless very important to keep in mind that climate risk as its many shades are
most likely not priced in yet as per Litterman et al. [15]. We are, however, focusing
only on correlation that per se does not imply causation. Like the ESG discussion
raised by Krueger (2015), this is similarly a chicken-and-egg debate. It is logical to
expect firms with high valuations to have overall good risk management and most
likely rich resources to report and address climate risk, which in turn will bid up
future valuations. The question is when does the kickback happen? When will the
market learn to read and price climate risk?When will the more stringent regulation,
such as fines and adoption of cleaner technology, eat into the cash flows?

Put it differently, what has so far been of second-order risk and proxy by traditional
risk management frameworks will very soon become a primary risk that needs to
be priced in. Given the limited and partial data on climate risk, it is challenging to
evaluate the impact of climate on valuations. We can, however, test the possibility of
a relationship between company valuation and climate risks.

Two financial KPIs are selected to indicate company’s valuation, i.e. business
performance: price to earnings P/E ratio and price-to-book P/B ratio. The price–
earning ratio (P/E ratio) values a company, measuring its current share price relative
to its per-share earnings. The price-to-book ratio (P/B ratio) is calculated by dividing
price per share by book value per share, and a low P/B ratio could mean that the
stock is undervalued. The P/E and P/B ratios are well documented in the financial
literature to capture amarket anomaly startingwithBasu [3, 4]. Empirical results have
found that companies with low P/E generate a higher return even after controlling
for higher risk. Value investors consider this company undervalued, hence cheap,
and recommend buying them betting on a mean reversion pattern. However, this not
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always the case as low P/E might indicate low growth and hidden risk. And, this is
what we are also betting on; climate risk is a hidden but potentially significant risk.8

Consequently, we should observe a negative relationship between a firm with high
climate risk and low P/E ratios.

To capture the relationship, we use a simple but efficient measure such as R-
value, that is the Pearson correlation coefficient measuring the strength of the linear
relationship between climate risk and financial KPIs. The sign indicated the direction
of the relationship with the absolute value and captured the strength.

To test the hypothesis, we refer again to the top 50/bottom 50 MSCI EM ETF
companies and US companies. However, our sample size shrinks further from 87 (43
bottom + 44 top companies) to 67 companies as these are the only ones that have
responded to CDP and have climate disclosure data on Bloomberg.

As expected, Fig. 4 confirms our expectation; that is, climate risk and firm prof-
itability are negatively correlated. The result is robust across the spectrum, in the
USA as well in Asia, for MSCI EM ETF top 50 or bottom 50 companies. Companies
that rank high on climate risk also have the lowest profitability ratios such as P/E and
P/B. Without getting lost into the causality, it is essential for investors to recognise
that low P/E companies face higher climate risk, a significant risk largely ignored and
unpriced. These risks are not short-term. Hence, low P/E does not imply an under-
priced company, but rather a persistent abnormality that it most likely becoming
more pronounced.
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Fig. 4 Climate risk correlation with firm profitability ratios

8CDP 2018, “…over the past five years more than twice as many climate-related resolutions have
been filed at oil and gas companies than in the preceding five years, and votes for shareholder
resolutions relating to 2 °C scenario analysis more than doubled between 2014 and 2018”.
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The results are even more concerning when comparing top versus bottom compa-
nies. The correlation between climate risk and financial ratios is three times stronger
for bottom 50 companies (from−0.1 to−0.35 for P/E ratio), highlighting the climate
risk for companies that have low profitability and fail to disclose any climate risk
data due to either lack of awareness of climate risk or dismissal as not relevant. It is
therefore in the company’s advantage to marginally increase the data transparency
around climate risk and to minimise at least the risk of not understanding the climate
risks. The comparison is even stronger when using the P/B ratio.

Interestingly, the correlation of climate risk to P/E and P/B ratios is equal or
stronger for US companies that Asian companies are seating at the top 50 MSCI
EM ETF. One possible explanation is a much sticker and more punishing regulatory
environment in the USA than in Asia.

5 Climate Risk Awareness and Disclosure in Asia

Having established the relationship of climate risk to firm’s financial profitability,
the importance of data disclosure on climate risk and the dispersion of this disclosure
for emerging market companies, we turn our focus on an intra-region Asian analysis,
using a comprehensive unique set of 350 Asian companies that reported to CDP in
2017.

According to the CDP Hong Kong and South East Asian Report9 2017, 350 com-
panies from Hong Kong, China, Indonesia, Thailand, Malaysia, Singapore and the
Philippines are requested by CDP to fill in the questionnaires and scored accordingly.
CDP nominal grade distribution (numeric CDP score not disclosed on the website)
and the completeness of environmental disclosure on Bloomberg in each of the seven
countries are manifested in the following bar charts (Fig. 5).

As expected among the 350 companies, 326 have been disclosing some infor-
mation to get a CDP rating. However, 80% of them failing to provide sufficient
information for evaluation hence get an F rating. Only HK, Thailand and Singapore
have B-awareness (second highest), while none makes it to the A-leadership posi-
tion (first highest). Concerning country performance, Singapore ranks the best where
only 66% of companies fail to disclose information for evaluation. Indonesia and HK
rank the lowest with almost 98% and 80% of companies failing to pass the minimum
stage F-failure to disclose.

While CDP rating is used to calculate the transition risk, for the physical risk,
we have to rely on complete environmental disclosure reported in Bloomberg as
displayed in Fig. 6; hence to avoid misleading result due to incomplete reporting,
our working sample size drastically shrinks from 326 to 85 companies only (see
Table 2). This reduced sample set is the base for calculating the correlation between
climate risk (as well as physical risk) and financial KPIs in the Asia region.

9Hong Kong and Southeast Asian Report 2017, CDP.
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Fig. 5 CDP grade distribution for the 350 Asian companies reporting to CDP (A-leadership; B-
management; C-awareness; D-disclosure; F-failure to provide sufficient information for evaluation)

Fig. 6 Bloomberg disclosure level for the 350 Asian companies that report to CDP in 2017

General information of companies (market value and sector distribution) in
different regions is briefly summarised in Tables 1, 2.

Hong Kong, Thailand andMalaysia have the largest share of companies reporting
to both CDP and Bloomberg. Interestingly, the sectors that dominate across Asia are
financials, industrials and consumer discretionary. Although not presented here, but
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Table 2 A heat map for climate risk in Asia. It is the average physical, transition and climate risk
per country given the number of companies that have full disclosure in CDP and Bloomberg. The
darker the colour, the higher the risk is
Region Average physical risk 

per company (based on 
Bloomberg data) 

Average transition risk 
per company 

(based on CDP score) 

Average total climate 
risk per company 

(Combined)

Hong Kong 6.48 2.42 8.90 

Malaysia 4.91 2.72 7.63 

Singapore 6.25 2.04 8.29 

Thailand 7.82 2.32 10.15 

Philippines 6.00 2.48 8.48 

China 6.88 2.61 9.48 

provided in Appendix, Table 4, consumer staples/discretionary and financials are the
two sectors that report the most in climate-related issues.

Having collected the data on the company level,we attempt to represent the climate
risk on a country level. Average physical risk, average transition risk and average
total climate risk per company based in different regions are summarised in Table 3.
As indicated in the table, the colour gradient displays the seriousness of different
risks. The darker the colour, the higher the risk is. As shown, Thai companies have
the highest physical risk, while Malaysian companies have the highest transition
risk. While these results are by far not conclusive given the limited data set, they are
partially indicative of the level of risk related to climate risk on company level given
a specific country. Note that physical risk is measured only on the company level
and not country-specific physical risks such as extreme weather and water scarcity.
We do not comment on China as the sample size is extremely limited.

6 Climate Risks and Company Performance Relationship
Beyond Regions

This section further explores the relation of climate risk to company valuation com-
bining inter-region with an intra-region analysis. For better understanding and easier
comparison, we include the numbers forMSCI EMETF andUS companies as shown
in Fig. 4.

Our comprehensive analysis displayed in Table 3 leads us to conclude that: first,
the complete disclosure rate on Bloomberg is much higher in the USA than in the
Asian market, almost double. Second, CDP scoring A-range (leadership level) is
much higher in the USA than in the Asian region. Many Asian companies still
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receive an F-score from CDP, meaning failure to provide sufficient information for
rating. Third, climate risk is overall negatively correlated with P/E and P/B ratios,
indicating potentially hidden and unpriced risks. Fourth, this relationship is even
stronger for bottom 50 MSCI EM ETF companies. Fifth, Thailand and China both
display a consistent negative relationship between climate risk and firm valuations.
Sixth,while the sign of the correlation and themagnitude are essential, their statistical
significance is equally relevant for us to conclude the relationship. This is extremely
important, especially for China, Singapore and the Philippines with only a handful
of companies satisfying and disclosing climate risk as represented in Table 2.

7 Conclusions

As climate risk becomes more evident, more immediate and more accessible to
translate into numbers, while governments introduce more stringent regulations to
cope with the transition from high- to low-carbon economies, business-as-usual is no
longer viable for companies. Our analysis shows that only a handful of companies
among the already top-performing ones, measure, disclose or are aware of climate
risks. Interestingly even among the top 50 companies part of MSCI EM ETF Index,
there are strong leaders as well as laggards on climate disclosure, indicating that
climate related risk is still far from being understood.

It is common practice to define climate risk as the sum of transition risk plus
physical risk. Transition risk is related to the company level of awareness and man-
agement of climate risk. We calculate transition risk using CDP score as our input,
meaning the higher the score, the lower the transition risk. CDP score is based on
a comprehensive CDP questionnaire assessing a company’s policies and targets an
understanding of climate risk. Physical risk is a positive function of GHG emission,
waste management and water consumption. In order to calculate all the above, we
need CDP scores as well as Bloomberg data.

Among 350 Asian companies reporting to CDP, 326 have been disclosing some
information to get a CDP rating. Nonetheless, 80% of them failing to provide suffi-
cient information for evaluation hence get F-level rating. Our sample shrinks further
as we require full disclose in Bloomberg as well.

Based on our simple analysis, our findings show that companies in Singapore, HK
and Thailand seem to have the lowest transition riskwhileMalaysian companies rank
as highest. The opposite seems true for physical risk, with HK and Thailand (and
China) having the highest level, hence the highest probability that more stringent
regulations or global warming-related risks such as drought or flooding will affect
their operations and therefore their cash flows.

Lastly, we observe an overall negative relationship between climate risk (and
physical risk) and company valuations captured by P/E and P/B ratios. This is an
essential result for asset managers, and asset owns for valuations and portfolio alloca-
tions. Climate risk will no longer be a second-order risk. Once a hidden and extreme
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risk, climate risk, it should be considered a systematic risk and therefore demand a
risk premium. Next step is to price climate risk [15].

Our analysis has obvious limitations arising fromdata shortage.More comprehen-
sive data and non-linear regression analysis are needed to capture a more robust rela-
tionship between climate risk and firm performance. For practical use, this study can
be easily extended to find themost resource-efficient companies in Asia—companies
that generate more sales with less carbon, water and waste [5].

Acknowledgements We acknowledge our research assistant HUI, Yiting of HKUST, 2018, for
handling the data and doing the analysis for this research project.

Appendix 1

CDP provides a scoring decision chart (see Fig. 1), allowing us to make this trans-
lation possible by referring to this scoring criteria. Firstly, we divided the full score
(100) into five successive hierarchical groups. F-range is equivalent to a numeric
range of 0–20, D-range is equivalent to 20–40, C-range is equivalent to 40–60, B-
range is equivalent to 60-80, and A-range is equivalent to 80–100. According to CDP
explanation, a company must reach the threshold of the fundamental level to be eval-
uated on the next level. For example, a companymust scoremore than 80% regarding
“disclosure” in order to be evaluated regarding “awareness”. If the company is given
a nominal grade of C, then its numeric score is estimated to be approximately 40
+ (60–40) * (0 + 44%)/2 = 44.4. For another example, if the company is given a
nominal grade of A, then its numeric score is estimated to be approximately 80 +
(100 − 80) * (80% + 100%)/2 = 98 [6].

Appendix 2

See Table 4.
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Table 4 Asian companies that report to CDP and have Bloomberg data on physical risk as of June
2018

Company Country Business sector Climate disclosure
CDP score

Li Ning Company Ltd China Consumer discretionary F

Alibaba Pictures Group Hong Kong Consumer discretionary F

Brilliance China
Automotive Holdings Ltd

Hong Kong Consumer discretionary F

Melco Crown
Entertainment Ltd

Hong Kong Consumer discretionary F

Melco International
Development Ltd

Hong Kong Consumer discretionary F

Nan Hai Hong Kong Consumer discretionary F

Samsonite International SA Hong Kong Consumer discretionary F

Sands China Ltd Hong Kong Consumer discretionary F

Techtronic Industries Hong Kong Consumer discretionary F

Yue Yuen Industrial Hong Kong Consumer discretionary F

Global Brands Group Hong Kong Consumer discretionary C

AIA Group Ltd Hong Kong Financials C

Bank of East Asia Limited Hong Kong Financials D

First Pacific Hong Kong Financials B

Swire Properties Hong Kong Financials B

BOC Hong Kong Hong Kong Financials F

China Jinmao Holdings
Group Limited

Hong Kong Financials F

Hongkong Land Holdings Hong Kong Financials F

Hong Kong Aircraft
Engineering

Hong Kong Industrials B

Jardine Strategic Hong Kong Industrials F

Semiconductor
Manufacturing
International Corp

Hong Kong Information technology C

Fosun International Hong Kong Materials F

Xiwang Special Steel Co
Ltd

Hong Kong Materials F

Hong Kong and China Gas
Company Limited

Hong Kong Utilities F

China Power International
Development Limited

Hong Kong Utilities F

Power Assets Holdings
Limited

Hong Kong Utilities F

(continued)
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Table 4 (continued)

Company Country Business sector Climate disclosure
CDP score

Bank Danamon Indonesia
Tbk

Indonesia Financials F

Kalbe Farma Tbk PT Indonesia Health care F

Perusahaan Gas Limited Indonesia Utilities F

Astro Malaysia Holdings Malaysia Consumer discretionary F

Berjaya Sports Toto Berhad Malaysia Consumer discretionary F

Genting Berhad Malaysia Consumer discretionary F

IOI Malaysia Consumer staples F

PPB Group Malaysia Consumer staples F

Sapura Kencana Petroleum
Bhd

Malaysia Energy F

AirAsia Berhad Malaysia Industrials F

Westports Holdings Berhad Malaysia Industrials F

Lafarge Malayan Cement
Bhd

Malaysia Materials F

Samling Global Malaysia Materials F

Tenaga Nasional Malaysia Utilities D-

Universal Robina Philippines Consumer staples D

LT Group Inc Philippines Consumer staples F

Puregold Price Club, Inc Philippines Consumer staples F

Megaworld Corp Philippines Financials F

Metropolitan Bank & Trust Philippines Financials F

Energy Development Corp Philippines Utilities C

Mewah International Inc Singapore Consumer staples F

Permata Hijau Group Singapore Consumer staples F

BW LPG Singapore Energy F

CapitaLand Commercial
Trust

Singapore Financials B

City Developments Limited Singapore Financials A-

DBS Group Holdings Singapore Financials C

Keppel Land Company
Limited

Singapore Financials C

UOL Group Singapore Financials F

Sembcorp Marine Singapore Industrials F

Broadcom Limited Singapore Information technology F

(continued)
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Table 4 (continued)

Company Country Business sector Climate disclosure
CDP score

BEC World Public
Company Ltd

Thailand Consumer discretionary F

Home Product Center, Plc Thailand Consumer discretionary F

Robinson Department Store Thailand Consumer discretionary F

Minor International PCL Thailand Consumer discretionary C

Charoen Pokphand Foods
PCL

Thailand Consumer staples B

CP ALL PCL Thailand Consumer staples F

Thai Beverage PCL Thailand Consumer staples F

Thai Union Group PLC Thailand Consumer staples F

Central Pattana Pub Co Ltd Thailand Financials F

Krung Thai Bank Pub Co
Ltd

Thailand Financials F

Bumrungrad Hospital PCL Thailand Health care F

Delta Electronics
(Thailand) Plc

Thailand Information technology B

PTT Global Chemical Thailand Materials A-

True Corporation Thailand Telecommunication
services

C

Intouch Group Thailand Telecommunication
services

F

Electricity Generating
Public Co Ltd

Thailand Utilities F

Ratchaburi Electricity
Generating Holding Public
Company Ltd

Thailand Utilities F
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Challenges and Countermeasures
in the Development of China’s Green
Bond Market

Jingyan Fu, Shuyu Li and Artie W. Ng

Abstract After 30 years of economic reform and liberalization, China’s economic
and social development have achieved noticeable success whereas the consideration
of sustainable development has become salient. While China has become an engine
for the development of the global economy, its domestic economic development has
advanced with noticeable environmental impairments. China now needs to strike a
balance between economic development and environmental protection. Public funds
alone are not sufficient for solving China’s environmental and climate problems.
The People’s Bank of China has clearly stated that public finance can only meet 15%
of the funding needed. Green bonds are becoming a powerful tool for mobilizing
the global bond market to meet the demand for green investment. At present, green
bonds account for less than 0.2% of the global bond market (2% in China) but have
enormous potentials for expansion. This paper articulates the current development
status of China’s green debt market, the development experience of the international
green debt market, issues associated with the development of China’s emerging
green debt market, and the corresponding countermeasures. This study conducts an
overview of China’s policy for the green debt market as well as its developmental
challenges and opportunities.

Keywords Green bonds · Third-party certification · National strategy · Regional
policy

1 Introduction

Studying China’s green bond market requires some background knowledge of the
emergence of green financing as an international initiative. In 2007, the European
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Investment Bank took the lead in issuing climate-aware bonds. This was the first
environmentally themed bond issued by a multilateral institution and set a precedent
for green bond issuance. That is, clear funds would be used for green projects, and
strict special funds would be set. Shortly thereafter, in 2008, the World Bank issued
the world’s first green bond, raising funds specifically for projects focused on climate
change mitigation and adaptation. Since then, multilateral institutions, governments,
and firms have been increasingly involved in the issuance of green bonds.

As the types and scale of green bond issuance have continued to expand, various
organizations have defined it differently. The World Bank has defined green bonds
as a fixed-income ordinary bond that provides investors with the opportunity to
finance climate change mitigation and adaption by investing in green projects. The
Organization for Economic Co-operation and Development (OECD) has defined
green bonds as fixed-income securities issued by governments, multinational banks
or firms to raise the necessary funds for projects that promote a low-carbon economy
and adaption to climate change.

Climate Bonds Initiative, the most authoritative non-profit organization in global
climate bonds and green bonds, has considered green bonds to be fixed-income
financial instruments for raising funds for sustainable development or environmental
projects. The Green Bond Principles have provided the most authoritative definition:
the green bond is a bond instrument with benefits that should be applied to funding
or refinancing new or existing green projects exclusively, by prior clear revenue use,
direct project exposure or bond securitization. Green projects are defined as projects
or activities aimed at addressing climate or other environmental sustainability issues.
Although the definitions of the green bonds have differences, the core meaning of
green bonds is largely similar as a bond-type instrument with fixed income applied
to green projects.

This chapter provides a brief literature review on the development of green finance
and green bonds from an international perspective. Special issues pertinent to the
development of green bond market in China over the recent years are examined.
Limitations, challenges, and opportunities for its sophistication are then articulated.

2 Literature Review

2.1 The Introduction and Development of Green Finance

Environmental issues have become a major problem in the sustainable develop-
ment of humanity around the world. Different fields have been devoted to improving
the environment through various ways. The financial sector, as the main driving
force of economic development, also has attempted to contribute in its own way.
Environmental finance is a consideration of environmental impacts in the financial
decision-making process. Cowan [1] defined the concept of environmental finance
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and analysed its possible development pathways. Jeucken [2] studied the develop-
ment of sustainable finance in the banking industry and asserted that the banking
industry has minimal direct environmental impact.

Thompson and Cowton [3] asserted that a bank’s loan business is affected by the
natural environment and society’s attention to environmental issues. Public policies
and consumer environmental information need to be fed back into company opera-
tions, which in turn are related to bank credit. He empirically studied the relationship
between bank credit and demand for environmental information. Ng [4] stated that
the continued development of China’s green financial system and complementary,
emerging global financial centre demonstrates an encouraging international trend of
greater investments into green and sustainable energy infrastructure projects.

2.2 The Rise of Green Bonds

In recent years, scholars have become widely concerned with in-depth comparisons
of green bonds. Wood and Grace [5] argued that the growth in green bond sectors
would depend on a variety of factors, including the ability of the issuers to undertake
green projects, the size of the issue, the stakeholder involvement in setting themetrics,
and the investor’s funds on the bond.

Kaminker and Stewart [6] suggested that most economies of OECD countries had
been experiencing low interest rates in the context of stable GDP growth. Therefore,
rational investors had been more willing to invest in non-traditional financial prod-
ucts to obtain relatively safe and reliable income. The support policies for China’s
green bond market predate those in other countries. The policies that have entered
the official approval stage include the exclusion of green loans from the calcula-
tion of loan-to-deposit ratios; the application of 75% of the preferential risk weight
and capital supervision requirements, allowing financial institutions to provide pre-
tax provisions for green credit assets; and preferential capital risk ratios for banks
investing in green bonds, with 50% downward adjustments on their green bond risk
assets.

Some scholars have studied the environmental and social performance of Green
China Bank. There also have been many scholars who believe that green credit poli-
cies and other initiatives integrating the financial sector into social and environmental
sustainability financing [7] may have a positive impact on sustainable development
[8]. In addition, green credit could encourage banks to actively participate in the
integration of environmental risks into their credit risk assessment procedures [9], so
promoting cultural policy changeswouldmoveChinese banks into amore sustainable
direction [10].
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3 Development Status of China’s Green Bond Market

The green bonds issued by Chinese firms grew rapidly in 2016, from almost zero to
238 billion yuan (about US$36.2 billion), accounting for 39% of the global issuance
[11]. The Agricultural Bank of China in London issued the first green bonds in
China at the end of 2015. In December 2015, the People’s Bank of China published
the announcement of green financial bonds in the inter-bank bond market, China’s
current largest bond market. A few weeks later, the China Development and Reform
Commission also announced guidelines for green corporate bond issuance. Since
then, China’s green bond market has grown rapidly, mainly due to the green bonds
from large issuers such as Shanghai Pudong Development Bank, Industrial Bank,
and Bank of Communications. As the sizes of the issues have grown, so have the
variety of green bonds, which have included green asset-backed bonds (ABS) and
Bank of China’s green guaranteed bonds.

By the end of November 2018, more than 500 billion US dollars of global green
bonds had been issued, and China had become one of the largest distribution sources
in the global green bond market. Industrial Bank has played an important role in the
domestic green bond market. Industrial Bank landed its first green financial bond in
2016. In November 2018, it successfully completed the issuance of green financial
bonds in both domestic and overseas markets. The stock of green financial bonds
exceeded 110 billion yuan, making it the commercial financial institution with the
largest balance of green financial bonds issued at that time.

3.1 Types of Bonds in China’s Green Bond Market

China has issued green bonds since 2015. By sorting out the green bond types in
China published in the Wind database, we find that in China’s green debt mar-
ket, asset-backed bonds occupy a dominant position, accounting for 70%, while the
shares of corporate bonds and financial bonds are relatively similar, at 14% and 16%,
respectively (see Fig. 1).

3.2 The Issuers of China’s Green Bond Market

The issuers in the Chinese bond market are mainly state-owned enterprises (Fig. 2).
Among these, central state-owned enterprises have the highest amount of bond
issuance, accounting for more than half of the total, while local state-owned enter-
prises account for 30% (see Fig. 2). Although the issuers in China’s green debtmarket
have become increasingly diversified, state-owned enterprises still occupy an abso-
lute leading position, while private enterprises and wholly owned enterprises still
have room for potential development space.
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Corporate bond Financial bond

Asset-backed bond

Fig. 1 Types of bonds issued within China’s green debt market.Data sourceWind (Wind is a lead-
ing financial data, information, and software services company in mainland China. In the Chinese
market, Wind’s clients include most of China’s securities companies, fund management compa-
nies, insurance companies, banks, and investment companies. In the international market, qualified
foreign institutional investors (QFII) have been approved by the China Securities Regulatory Com-
mission. Many of these qualified institutions are Wind’s customers. A large number of Chinese and
English media, research reports, and academic papers often refer to Wind Data.) database. https://
www.wind.com.cn/NewSite/edb.html

Local state-owned enterprise Public enterprise
Private Enterprise Wholly foreign-owned enterprise
Joint ventures Central state-owned enterprise
Others

Fig. 2 Issuers in China’s green bond market. Data sourceWind database. https://www.wind.com.
cn/NewSite/edb.html

3.3 China Green Bond Market Rating

Green bonds have a wide range of subject ratings, with a minimum rating of A+ and
a maximum of AAA. Among them, the AAA rating is the most common, accounting
for 65%, and the rating of A+ comprises only 0.3% (see Fig. 3). This indicates
that most of the bonds issued by the China’s green bond market have received high
standard ratings. Through the participation or endorsement of high-confidence third
parties, product credibility can be increased, which will help reduce moral hazard
and ensure the interests of investors.

https://www.wind.com.cn/NewSite/edb.html
https://www.wind.com.cn/NewSite/edb.html


52 J. Fu et al.

Fig. 3 China’s green debt
market bond rating. Data
source Wind database.
https://www.wind.com.cn/
NewSite/edb.html

A+ AA AA- AA+ AAA Not rated

3.4 Main Distribution Areas of China’s Green Bond Market

Geographically, the distribution of China’s green bonds has been uneven across
China. Figure 4 shows the regional distribution since the first issuance of green debt
in China. This highlight focuses on Beijing, Shanghai, Guangdong, Jiangsu, and
Zhejiang, which markets have relatively developed in China. Through the analysis
of the data, we find that green debt is most concentrated in the East China region,
represented by Shanghai.

Moreover, other relevant data indicate that the green debt issuance in Beijing and
Guangdong Province in the first half of 2018 demonstrated favourable momentum in
issuing green bonds (Fig. 5). Guangdong Province is one of the five green financial
pilot zones approved by the State Council. Since 2017, its Huadu District has taken

Beijing Guangdong Shanghai Jiangsu Zhejiang Others

Fig. 4 Major distribution areas of China’s green bond market. Data sourceWind database. https://
www.wind.com.cn/NewSite/edb.html

https://www.wind.com.cn/NewSite/edb.html
https://www.wind.com.cn/NewSite/edb.html
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Fig. 5 Green bond issuance
in the third quarter of 2018
by province (US$1 billion).
Source China Green Bond
Market 2018 Quarterly
Report. https://www.
climatebonds.net/newsletter/
china

Guangdong 

Beijing 

Hubei 

Guizhou 

Yunnan 

Shandong 

Heibei 

Xinjiang 

Jiangxi 

the lead in launching the “1 + 4” green financial policy. The region will arrange
special funds of at least 1 billion yuan for five consecutive years and support the
development of green finance through tools such as green bonds (Fig. 5).

3.5 Investment Direction of Raised Funds in China’s Green
Bond Market

According to Climate Bond Initiative’s definition, renewable energy has the greatest
potential for fundraising. As non-financial companies, CGN International and China
Energy Conservation Wind Power Co. Ltd. both have invested in green bond to
fund wind farm projects. Since the beginning of China’s green bond market in early
2016, low-carbon transportation has been ranked in the top three areas for fundrais-
ing. Qualified assets have included subway and bus infrastructure. For example, the
Urumqi City Transportation Group has issued 1.5 billion yuan (US$220 million)
in green bonds to be used for bus lane construction, bus stops, bus signal systems,
BRT, and bus parking facilities. Beijing Infrastructure Investment Group andWuhan
Metro also have used green bonds to support local subway construction.

Since the beginning of 2018, the proportion of green bond funds in thewater sector
has continued to increase, from 7% in the first quarter to 18% in the third quarter. The
uses for raised funds in thewater sector have been diverse, fromwastewater treatment
to rainwater harvesting and distribution. As the number of extreme rainfall events
has increased, we have observed increasing frequency of urban flooding. Therefore,
we should encourage the rational design and management of stormy water drainage
systems and infrastructure to ensure the climate adaptability of urban infrastructure
(Fig. 6).

https://www.climatebonds.net/newsletter/china
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Fig. 6 Use of funds raised in
the green debt market in the
third quarter of 2018. Source
China Green Bond Market
2018 Quarterly Report.
https://www.climatebonds.
net/newsletter/china

Use of land Industry
Adapt to climate change Renewable resources
Low carbon construc on Low carbon traffic
Water Waste

4 Development Features of Overseas Green Bond Markets

The development of the green bond market began in 2007–2008 with the start of
green bond issuance by the World Bank and the European Investment Bank. From
2007 to 2012, the green bond market was dominated by development banks such
as the European Investment Bank, the International Finance Corporation, and the
World Bank. In 2013, corporate entities issued their first green bonds, which spurred
more private-sector participation, including corporate and commercial banks. As a
set of voluntary guidelines, the Green Bond Principles (GBP) were released in early
2014, driving market best practices in transparency and reporting.

The issuance of the first corporate green bond and the Green Bond Principle has
had a strong catalytic effect on the further development of themarket. Themarket size
of green bonds has increased from US$3 billion in 2012 (approximately 21 billion
yuan) to US$81 billion in 2016 (approximately 559 billion yuan), covering 14 of the
G20 countries. As the size of the market has grown, the issuers and investors of green
bonds also have demonstrated diverse trends. In 2016, global green bond issuance
reached US$81 billion (approximately 559 billion yuan), which was largely driven
by Chinese issuers. In general, the characteristics of the foreign green debt market
can be summarized as follows.

4.1 The Development of Green Bond Standards

The rise of green bonds in the international market has been the inevitable result
of economic development. The concept of international investor responsibility has
become increasingly popular, as people have been paying greater attention to cli-
mate change and environmental issues. This change in investor value judgement has
become an important driving force for the development of green debt. Based on
the existing market, issuers, investment institutions, and underwriters have jointly
endorsed the guidelines for voluntary participation.

https://www.climatebonds.net/newsletter/china
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To enhance the sustainability and transparency of green bond information dis-
closure and promote the healthy development of the green bond market, the GBP
Executive Committee and International Capital Market Association (ICMA) jointly
launched the GBP in 2014. Based on these voluntary guiding principles, by 2015,
there were more than 100 members, five including green bond issuers, underwrit-
ers, and investors. Under the GBP, CBI has developed a complementary standard
which aims to provide assurance that the usage of raised funds is consistent with
low-carbon economy requirements. The rapid development of the foreign green debt
market has been related to the voluntary nature of these principles. The voluntary
equality of all parties has fully mobilized the subjective initiative of the participants.
The multilateral efforts towards one goal have greatly reduced communication costs
and time costs (Wang 2018).

4.2 Government Policy Support

To promote the development of green bonds, many countries have begun to formulate
various preferential policies, including green loan discounts and price subsidies.
Currently, more than 60 countries have formulated price subsidy policies. The long-
term repurchase of enterprises’ products according to fixed prices has largely ensured
the flow of funds of such enterprises and the attractiveness of the bonds.

4.3 International Green Bond Certification System

International mainstream certification systems include the Green Bond Principles
(GBP) and the Climate Bonds Standard (CBS). The GBP recommend that issuers
use external certification to ensure that bonds issued are consistent with green bonds.
Definitions, requirements, and the types and levels of certification are encouraged
to be included in professional assistance from consultants to review or assist in
the establishment of project evaluation and selection systems. Independent audits
by third parties should be based on the second-party standards. The issuance of
the “second opinion” CBS requires that a third-party reviewer must be appointed
and allowed to provide an assurance report on whether the bond meets the climate
bond standard. Presently, the domestic standards for green bonds do not distinguish
between second-party assessments and third-party certifications, but international
standards for green bonds (such as GBP) provide a more detailed description of
second-party assessments.

The certification of green bonds should not be limited to the classification of
projects, but rather should further reveal the expected or actual environmental benefits
of the projects they finance, in order to avoid the suspicion of so-called greenwashing.
Presently, China has not yet formed amature certificationmechanism,which requires
that third-party institutions establish a more professional and quantitative evaluation
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model, in order to better assess the green project implementation and effect of the
enterprise.

4.4 Enhancing the Information Disclosure System

To promote the development of the green bond market, the exchange has developed
manyplans to help achieve sustainable development. In 2014, theWorldFederation of
Exchanges established a special working group for the development of green bonds.
According to its research, many large companies have participated in the above
projects. The emergence of various indexes has provided very important references
for strengthening the transparency of green assets and has effectively promoted its
commoditization process while enhancing its expected benefits.

5 Challenges with China’s Green Bond Market

Having developed earlier, the foreign green bond system is more comprehensive in
terms of the definition of green projects, the review by external auditing agencies,
and the evaluation of third-party certification bodies. For the development process of
China’s green bonds, given its special national conditions, lessons could be learned
from advanced foreign systems to reduce exploration time, make the domestic green
bond market healthier, and enable more green enterprises to use capital efficiently.
At the same time, non-green enterprise’s development of green projects could also
be financed through green bonds, allowing social capital to contribute to the pro-
tection of the ecological environment. China is in a period of rapid development of
green bonds, and there are still some shortcomings in the formulation of standards,
the normative nature of the external audit industry, the development of potential
investors, and the encouragement of government policies. Tomake up for these short-
comings, China’s financial system needs to be strengthened, and more enterprises
should be encouraged to fulfil their social responsibilities while maintaining their
own steady development and growth, contributing to China’s economic development
and ecological protection.

5.1 Green Bond Policies

The development of the international green bond market has been mainly sponta-
neous. In contrast, the development of China’s green bond market has been mainly
guided by regulatory authorities. The issuance of green bonds in the Chinese domes-
tic bond market requires the approval of relevant regulatory authorities, such as the
People’s Bank of China, the National Development and Reform Commission, and
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the China Securities Regulatory Commission. The approval of green bonds requires
meeting guideline requirements, which include those for qualified green projects,
fundraising, information disclosure, and external review. The green bonds of different
regulators have varying priorities. In China, the most authoritative green debt guid-
ance is the “Green Bond Support Project Catalogue” of the People’s Bank of China
and the “Green Bond Issuance Guidelines” of the National Development and Reform
Commission. However, there are significant differences in the policy requirements
for green bond issuance.

The People’s Bank of China’s guidance focuses on defining green project cate-
gories and has more detailed requirements such as project division, condition defini-
tion, fundraising management, information disclosure, and third-party certification.
It is applicable to the inter-bank and exchange markets. The guidelines focus on clar-
ifying the key areas of policy support for green projects, giving directional guidance,
and proposing a number of specific measures in terms of incentives.

5.2 Market Participation

China’s green bonds started relatively late, and its development is still in its infancy.
On the whole, the issuers are still mostly single, and market participation is still not
high. Specific performance characteristics are as follows:

First, the main body issuing green bonds in China has certain limitations. The
green debt issuance standard is stricter, with higher standards for the issuer than
those for ordinary bonds. Therefore, the market entry threshold is much higher than
the ordinary creditor’s right, which is unfavourable to expanding the market rapidly.
Second, the enterprises’ enthusiasm to choose green debt financing is not high. Enter-
prises’ enthusiasm for green corporate bond selection is not high, mainly because
there are two major differences between green corporate bonds and ordinary bonds.
First, green corporate bonds must raise funds for green projects that meet regula-
tory standards. Second, they are earmarked. To ensure that funds are used for green
projects, special accounts need to be set up to supervise funds. The funds raised can
be used for project construction expenditures and can also be used to repay project
loans and supplement project working funds. In terms of information disclosure and
material review, the requirements for green corporate bonds are much higher than
for ordinary bonds. They are also subject to supervision from multiple authorities.
Furthermore, companies must cover the costs of completing the assessment and cer-
tification, which undoubtedly increases their financing and time costs. All of the
above would reduce the enterprises’ enthusiasm to choose green corporate bonds
when issuing bonds.

Finally,market investors are notwilling to invest in green bonds. Issuers, investors,
and the market investment supporting environment are the main managers of invest-
ment products in the capital market. Green bonds are no exception. In China, the
promotion of green bonds is mainly led by the government from the top down. In this
development process, the emphasis has been mainly on the issuers’ economies of
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scale, while lacking spontaneous green investor teams. Market investors have been
more concerned about the issuer when choosing investments; whereas, the focus
on green attributes has not been sufficiently prominent, and the awareness of green
investment has been weak.

5.3 Green Corporate Bond Issuance and Third-Party
Certification

Green bonds should be certified by third-party certification bodies or independent
second opinion institutions. This is the difference between green bond issuance and
other bond issuance, and it is a distinctive feature of green bond issuance. To date,
most of the green bonds issued in China have involved third-party certification. China
has its own local third-party certification body but lacks an independent green certi-
fication body. To improve the credibility of green corporate bonds, the introduction
of third-party certification is an indispensable step to attract investors. When China’s
first green corporate bond, 16 Beijing Auto Green Bond 01, was issued in April 2016,
the NDRC did not hire a third party after the internal environmental division, and the
industry division evaluated the green compliance of the bond support project. These
organizations conduct certification.

From April 2016 to August 2017, a total of 70 green bonds were issued in China,
of which 49 were third-party certified green bonds, accounting for 70% of the total
issued amount. Of the 21 green bonds that lacked third-party certification, 14 were
green corporate bonds, accounting for only 66.67%of the uncertifiedbonds.Themain
reason for this phenomenon is that the corporate debt supervisor has not proposed
a mandatory requirement for third-party certification in the regulatory policy. In the
“Guidelines for the Issuance of Green Bonds” issued by the National Development
and Reform Commission on 31 December 2015, there are no special requirements
for the disclosure of information on green corporate bonds. The issuing companies
only need to follow the information disclosure rules for corporate bond issuance.
The guidelines for general corporate bond information disclosure can be used.

5.4 Development of Relevant Laws and Regulations

Based on international experience, the regionswith rapid development of green bonds
have matured into effective systems. In the process of developing green finance, the
development of carbon finance has been crucial. China has also established relevant
pilot programs, but there are still some problems in the development of green finance
in the pilot cities in terms of legal systems and business rules. These problems have
been associated with domestic financial institutions’ unfamiliarity with the carbon
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finance trading model, which has been at a relatively low level of development for a
long time, and the results achieved have been very limited.

The definition of a green bond is very basic, but difficult to concisely articulate
because there presently is no unified, global definition of a green bond. Due to the
lack of a unified definition, regulatory standards are not uniform. Fundamentally,
the lack of effective regulation may lead to disorderly competition. The risk caused
by inconsistent definitions is not considered the main risk. The major drawback is
that the issuer of the green bond may provide the potential investor with misleading
or insufficient information that could influence the final investment decision of the
rational investor. Due to the lack of relevant mandatory regulations and standards,
issuers appear to enjoy a higher degree of freedom in interpreting green bonds.
Therefore, for investors, the burden of proof is heavier than that of investing in
non-green bonds.

6 Concluding Notes

6.1 Importance of Defining Green Projects

Presently, there is a unified global consensus on the definition of a green bond.
On 27 March 2015, the International Capital Market Association (ICMA) and 130
other financial institutions jointly described the principle of green bonds, stating
that green bonds refer to any funds that are used exclusively to finance or meet the
requirements of green projects. Green projects are those that promote environmental
sustainability and are evaluated and selected by the issuers and relevant institutions.
Green projects include the climate change mitigation and adaptation, curbing nat-
ural resource depletion, biodiversity conservation, and pollution control. Although
China is yet to provide an explicitly comprehensive definition of green bond, rele-
vant regulatory authorities are studying and formulating the “Green Bond Issuance
Management Measures”. It is expected such a global movement would promote the
formation of a better definition for green bonds issued in China, mainly by consider-
ing which green items meet the prescribed conditions, and by determining whether
existing green projects inChina deviate from the internationalGreenBondPrinciples.

6.2 Limiting the Distributions of Green Bond Funds

Issuers can use green bond financing to fund new and existing green projects, invest in
specific green projects, issue green loans, or simply invest in general green funds. All
identified green project categories should provide clear environmental benefits that
can be described, quantified, and assessed if feasible. In addition, some issuers have
begun to specifically exclude specific business activities. For example, the African
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Development Bank, the European Bank for Reconstruction and Development, and
the European Investment Bank have banned green financing for nuclear or coal
operations.

6.3 Strengthening the Management of Green Bonds

The net financing proceeds of green bonds are typically transferred to a secondary
portfolio or tracked andmanaged by the issuer through other means as part of its loan
and investment business. Once a qualifying green project is identified, funds should
be immediately disbursed to the issuer’s primary account for distribution to specific
projects. However, if the use of funds is partially included in the final clause and
is not differentiated from other debt instruments, there would be no guarantee that
all funds would be used for green bond investments. If the money is distinguished
from other debt instruments and managed separately—for example, as a secondary
investment portfolio or a special fund, it can be tracked and managed within a special
account.

6.4 Attaching Third-Party Certification to Green Bonds

In addition to their main credit rating and bond credit rating, green bond issuers must
also make their green characteristics credible and persuasive for investors. The com-
mon practice globally is to request an independent professional certification body
to issue a green certification for the direction of use for raised funds, a so-called
second opinion. The second opinion has a detailed description of the investment
in green bond proceeds, which can enhance the transparency of green bond infor-
mation disclosure and attract more investors. Presently, internationally authoritative
second opinion providers include International Centre for Climate and Environmen-
tal Research (CICERO), Vigeo Rating, DNVGL Group, Climate Bond Committee
(CBI), Oekom Research Centre, KPMG, Sustainalytics, and Trucost Wait. As of
the end of 2014, approximately 63% of the 300 green bonds issued globally had
international green certification, and 54.22% of the issuers chose CICERO for sec-
ond opinions. If China intends to issue green bonds, the second opinion certification
also would be an indispensable step. To date, such independent green certification
institutions have not been established in China.

6.5 Flexible Design of the Structure of Green Bonds

International green bonds are basically classified into four bond structure categories:
(i) specific income use green bonds, (ii) specific income use green guarantee bonds,
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(iii) green project bonds, and (iv) green asset support bonds. Investors with specific
income use green bonds have full recourse to the issuer, so the green bond has the
same credit rating as the other bonds issued by the issuer. The issuer uses the proceeds
of the bond to support the sub-asset portfolio of the green project and stipulates the
scope of use and setting up of internal mechanisms for tracking and reporting. Most
of the green bonds issued by international financial organizations adopt this structure.

The investors of the specific income use green income guarantee bond have no
debt recourse right to the issuer. The issuers use the income and tax credits obtained
from the project operation as the bond guarantee. The issuers track and report on the
use of bond proceeds. Most municipal bonds adopt this structure. Investors in green
project bonds have debt recourse limited to specific project assets, i.e. investors are
directly exposed to project risks. Investors of green asset support bonds can make
debt recourse to one or more specific projects that are grouped together, including
asset-backed bonds (ABS) and other structured products, which are generally backed
by cash flows generated from operating assets.

6.6 Reliance on National Strategies and Regional Policies

6.6.1 National Strategies

To encourage investors to purchase green bonds, it is desirable that the government
would reduce the corporate income tax (25%) and capital gains tax (5%) on the
interest earned by domestic institutional investors through investing in green bonds.
Considering green bonds’ innovation varieties, government funds would provide
guarantees for related bonds, realize external credit enhancement, reduce the financ-
ing costs of such bonds, and increase the enthusiasm of issuers. To guide third-party
governance companies responsible for the pollution into issuing green bonds, part
of the financial subsidy funds can be used as a discount measure for issuing bonds.
In addition, it would also be encouraging if the government could enhance the envi-
ronmental impact assessment dimension within the bond rating system or within the
framework of existing rating companies.

In the existing information disclosure system, the corresponding disclosure of the
use of raised green bond funds is tracked and disclosed largely in a voluntary manner.
We would recommend that specialized asset appraisal institutions for special green
assets gradually be cultivated and standardized so thatwhen green asset securitization
products are issued, they can achieve credit enhancement and reasonably reflect the
value of green assets. These special green assets would include carbon assets and
green income rights, such as new energy generation revenues. In case the green
investment preferences of domestic investor groups need to be gradually cultivated,
it is recommended that qualified foreign institutional investors (QFII) and qualified
foreign institutional investors (RQFII) be introduced into the inter-bank bondmarket,
through which they would drive the demonstration effect and gradually cultivate
domestic investors’ investment preferences for green bonds.
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Additionally, collaboration between China and the international market in green
bonds could be enhanced through pursuing genuine sustainable developments under
the Belt and Road Initiative. More qualified domestic entities would be encouraged
to participate in the development of international green bonds in collaboration with
foreign institutions to leverage on the emerging green bond market of China.

6.6.2 Regional Policy—Greater Bay Area as an Example

A gradual integration of regional policies would complement the overall national
policy for green financing. For example, the Greater Bay Area is at a point of rapid
industrial transformation and growth, and the demand for green financing is sub-
stantial. The development of policy for green financing could inject new energy into
the expansion of green business by financial institutions in the Greater Bay Area.
Although a strategic combination of green finance and the Greater Bay Area policy
is still in its infancy, such development prospects could be extensive given the vast
potentials. Moreover, the Greater Bay Area is to present has various advantages and
opportunities for project finance of green infrastructural developments.

All in all, the Greater Bay Area is an important, emerging economic development
area; whereas, green finance is considered as a complementary financing mechanism
for sustainable developments. The rapid development of theGreaterBayArea’s green
bond market would serve as an effective source of funding to fuel its sustainable
investments and growth. Successful implementation of this concerted regional policy
would inspire other regions to follow. Effective execution and implementation of such
strategic regional development policies are in turn crucial to the development of the
green debt market.
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Guangdong’s Carbon Trading System:
A Review of Liquidity and Influencing
Factors

Jingyan Fu, Menghao Wu and Junyan Liu

Abstract China’s seven carbon-trading pilots were approved for establishment in
2011 and subsequently commenced operations starting June 2014. As the largest car-
bon market among the seven Chinese carbon-trading pilots, Guangdong is evaluated
as the second-largest carbon market in the world, only being next to the European
Union (EU). These pilots instigated enormous influence on the policy formulated
towards the establishment of China’s national unified carbon market in 2017 with
implications for solutions to environmental and climate problems on a national and
even global level. This paper mainly adopts a comparative analysis approach, first
to compare the liquidity of the Guangdong carbon market nowadays with a prior
period and then with the Hubei carbon market. It further compares the influencing
factors of carbon market liquidity based on the former results. The analysis identifies
the factors influencing the low liquidity of the Guangdong carbon market, including
the separation between the primary and secondary markets, insufficient openness
in the secondary market, lack of adequate investors, inadequate consideration of
the distribution and collection of emission allowances, an irrational carbon finance
product structure, as well as a backward tradingmechanism. Finally, this paper offers
suggestions and proposals based on the problems identified in the overall assessment.
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1 Introduction

To combat climate change, prior studies show that large-scale deployment of car-
bon capture and storage (CCS) is necessary to limit the increase in global average
temperature to less than 2 °C by 2100 (Jorge H. García et al. 2018). Regarding the
question of a carbon tax versus emissions trading, an ETS garners greater support
than a carbon tax among stakeholders [1].Many economists and policy-makers advo-
cate price-based approaches, such as greenhouse gas emissions taxes and emissions
trading programmes, or technology-based approaches, such as R&D subsidies and
public–private R&D partnerships. The world generally seems to have become less
(multi) polarized in terms of carbon emissions since 1992 [2]. Ultimately, however,
both types of approaches rely on consumers and firms to make different choices [3].

Guangdong leads China’s Provinces in industry, CO2 emissions, and the size of its
carbon-trading pilot. Understanding the driving forces of carbon emissions is neces-
sary for policy formulation [4]. What changes will carbon emissions bring to China?
The Regional Greenhouse Gas Initiative among the north-eastern states is expected
to lead to an increase in the price of electricity in the region and beyond. In the RGGI
region, the change depends on the portfolio of assets held by affected firms [5].
Industrial production and energy consumption have a significant positive impact on
carbon emissions in both the short and long runs. Likewise, Granger causality anal-
ysis indicated a unidirectional causation from both industrial production and energy
consumption to carbon emissions; e.g., the industrial and economic development in
Bangladesh is taking place at the cost of environmental quality [6].

On December 19, 2013, Guangdong officially launched carbon emissions trading
completing seven transactions on that first day; its total turnover is approximately
120 thousand tonnes and its average price is 60.167 yuan. During the first two years,
Guangdong implemented a number of measurements to enliven the market, eventu-
ally occupying half of the nation. By July 27, 2015, the Guangdong carbon market’s
volume exceeded 20 million tonnes and the total turnover had reached 916 million
yuan, accounting for 36.12% and 45.28%, respectively, of the entire nation’s transac-
tions. The Guangdong carbon market is generally good; it is not only at the vanguard
of carbon trading and an important contributor to China’s carbon market but also
the third-largest carbon market in the world that is next to only the EU and Korea in
terms of market scale.

However, the development of theGuangdong carbonmarket shows someworrying
trends. From inception to the second commitment period, the liquidity of the market
has demonstrated obvious deficiencies compared to those of Hubei, Shenzhen and
the European Union. In the entire year of 2014, the Guangdong carbon market traded
thousands tonnes of carbon allowance; the average price was 44.28 yuan per tonne,
the highest price was 77 yuan per tonne and the lowest price was 21 yuan per tonne,
showinggreat fluctuations in price.Comparedwith theHubeimarket’s annual volume
of 7 million tonnes, the highest price of 26.59 yuan per tonne and the lowest price of
22 yuan per tonne, the Guangdong carbon market has the characteristics of smaller
trade volume, dramatic price fluctuation and centralized transaction dates.
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2 Literature Review

2.1 The Meanings of Carbon Market Liquidity

Because academics have not yet clearly defined liquidity in the carbon market, this
paper will generally divide carbon market liquidity into four dimensions according
to the above definition of liquidity:

The first dimension is breadth. Breadth is a concept that relates to price, generally
exists in a carbon market with a market maker system and is often measured by quote
spread. A small quote spread means the competition in the carbon market is more
intense and the liquidity of the market is better. If there is no spread, the seller and
buyer can reach a deal in accordance with their expectations, and the liquidity at this
moment is the best. In one market with good breadth, the influence of transactions
on the market is small.

The second dimension is depth. Depth is a concept relating to quantity and refers
to the maximum volume traders can reach in a certain price. The greater the number
is, the more depth the carbon market has, and the better liquidity. Gagelmann [7]
asserts that if there are large amounts of transaction requests (orders) within a certain
scope of the current price, then the carbon market has more depth. A carbon market
with great depth means its liquidity is good, and vice versa; the same transaction
may produce greater effects on the price in a low-depth market.

The third dimension is immediacy. Immediacy is a concept regarding time, refer-
ring to the time that a trader must wait to conduct a transaction. If an investor can
deal more quickly at a certain price, then the liquidity of the carbon market is better.
Prohibiting the intertemporal trading of emission allowances induce positive risk
premium in futures prices when the trading of the contracts and their expiry take
place in time periods separated by this trading ban [8].

The fourth dimension is resiliency. This means the speed at which prices return to
the state of equilibrium after certain transactions cause fluctuations in price. If prices
can return to equilibrium more quickly, the capacity of the carbon market to bear
transactions is greater, its resiliency is higher, and its liquidity is better. In a highly
flexible carbon market, it is difficult to produce unbalanced price.

2.2 General Influencing Factors of Carbon Market Liquidity

The Bank of International Settlements (BIS) noted in a report (1999) that the influ-
encing factors of market liquidity can be divided into three categories: the design of
the product, the market microstructure and the behaviour of the market participants.
According to the BIS classification, this paper divides the influencing factors of the
carbon market into three types:



68 J. Fu et al.

Design of product

Designing a product that can match the diverse needs of different market participants
is the first factor that should be taken into account. Only when we design a product
to meet the needs of the majority can the enthusiasm of the market participants be
increased, and as a result, the market liquidity may be improved.

Market microstructure

The microstructure of the market mainly includes the trading mechanism, market
participants, transaction cost and transaction constraints. The trading mechanism is
channelled for the sides to trade, and the common transaction mechanism includes
the following three types. First, the buyer and the seller transact directly without any
intermediate process. The second type is the market maker system, in which the sides
must deal through themarketmaker, and themarketmaker quotes the respective price
to each side. The third type is pairing and dealing automatically by a system, such
as the call auction and the continuous auction.

Behaviour of market participants

Different characteristics of the participant will affect its decision-making and
behaviours, such as its ability to bear risk, sensitivity to macroeconomic policies
and expectations about the future market. When risk-averse investors increase, mar-
ket liquidity may decrease. When the expectations of the future of all of the investors
are the same, the market liquidity will also decrease. Therefore, the diversity of
market participants is good for market liquidity. Additionally, laws, regulations and
macroeconomic policy will influence the participants’ behaviour.

2.3 Measurements of Carbon Market Liquidity

According to the theory of financial market microstructure, market liquidity is mul-
tidimensional. Fischer [9] proposed that the measurement of liquidity must factor
in four conditions: depth, width, tightness and resilience. Although scholars have
performed considerable research on how to measure market liquidity, there is still
no consensus.

Current methods of measuring market liquidity focus mainly on four different
perspectives: methods related to bid-ask spread, methods related to the influence of
trading volume on price, methods combining price and volume and methods related
to the time consumed waiting for trade. Among the above four, the methods related
to bid-ask spread are mainly suitable for the quote-oriented market; it is not certain
whether these methods suit the order-oriented market and the carbon market is not a
market based on themarketmaker; as a result, these types ofmethods are not themost
suitable for measuring carbon market liquidity. Additionally, the methods related to
the influence of transaction on price include the market depth model of Kyle [10] and
the simple transactionmodel; thesemethods often need great quantities of data on the
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micro-market in the actual analysis, and the methods related to the time consumed
waiting for trade are very much the same.

Because this paper must measure the daily liquidity of the carbon market, after
considering the availability of data and the differences among the carbon markets,
this paper opts for themethods combining the price and trade volume. Taking account
of the suitability of each liquidity ratio, this paper ultimately uses a new method that
combines the Martin index [11] and the Hui and Heubel liquidity ratio [12]; the
formula is as follows:

MH = |(Pt − Pt−1)/Pt−1|
V/Qea

(1)

In the formula, “MH” is the new liquidity index, “V” represents the trading volume
of the carbon emission allowance on the exact trading day and “Qea” represents the
amount of carbon allowance in circulation in the entire carbon market and is equal
to the total amount of the designed allowance minus the allowance that has not been
distributed. “V /Qea” represents the turnover rate of allowance. “Pt” represents the
closing price on “t” trading day, and the numerator of the formula is the volatility of
price on “t” trading day.

3 Liquidity Analysis of the Guangdong Carbon Market

3.1 Guangdong Carbon Market Liquidity

When there are no transactions or the price is completely stable, the MH index is
not affected to reflect the fact of liquidity itself.1 The trend of zero transactions, the
liquidity with non-fluctuating price and the liquidity on a normal trading day are
analyzed in the following.

3.1.1 The Trend of Zero Transactions

From December 19, 2013 to November 13, 2015, there were a total of 471 trading
days (excluding holidays and temporary adjusted trading days); on 38.34% of those
days, equal to 181 trading days, therewere zero transactions. Themonthly occurrence
of zero transactions during this period is shown in Fig. 1.

The monthly frequency of zero transactions in the Guangdong carbon market
showed a downward trend, and the market performance in the year 2014 was much
better than that in 2013, especially the highest proportion, which was only 60% in
2014 and now reaches 100%. Second, the monthly proportion of zero transactions

1When there are no transactions, the MH index is invalid. When the price has no fluctuation, the
MH index always remains at zero.
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Fig. 1 Trend of monthly zero transactions from 2013/12/19 to 2015/11/13 in CEEX. Source http://
www.cnemission.cn

in 2014 increased from 20 to 40% while it grew from 0 to 100% in 2013, indicating
that the Guangdong carbon market was extremely unstable in 2013 and improved
somewhat in 2014. Individually, there were obvious “V” cycle characteristics in
both years. The proportion in June was the minimum of each year, and the market
performance was the best.

3.1.2 The Liquidity with Non-fluctuating Price

There were a total of 23 days on which transaction did not affect the price from
December 19, 2013 to November 13, 2015 (having ruled out situations where there
were no transactions on a trading day), nine of which were in 2014 and the rest in
2015 (details are shown in Tables 1, 2).

Table 1 Dates and quantities of GDEA flowing into the market

Trading date Trading
volume
(tonnes)

Trading date Trading
volume
(tonnes)

Trading date Trading
volume
(tonnes)

2014.03.11 5242 2014.11.13 2000 2015.07.28 1600

2014.03.18 100 2015.01.19 500 2015.08.14 25,000

2014.04.16 6 2015.01.22 1913 2015.08.17 26,833

2014.10.16 300 2015.01.26 1913 2015.10.21 1661

2014.10.30 1 2015.01.28 3 2015.10.22 58,539

2014.11.05 1000 2015.03.03 500 2015.10.23 20,500

2014.11.06 1000 2015.03.06 3000 2015.11.10 300

2014.11.07 1 2015.03.13 2000

Source http://www.cnemission.cn

http://www.cnemission.cn
http://www.cnemission.cn
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Table 2 Relevant regulations and policies of the Guangdong carbon market in 2015

Country level “Overall plan for the reform of ecological civilization
system”

September 21, 2015

“USA-China Joint Presidential Statement on Climate
Change”

September 25, 2015

“France and China agree to monitor climate change
pledges”

November 2, 2015

Province level “The 2015 implementation plan of Guangdong carbon
allowance”

August 18, 2015

“The implementation plan of greenhouse gas emission
report on key enterprises of Guangdong Province”

September 21, 2015

“Notice on carrying out management of carbon
emissions on reporting historical carbon emission
information in Guangdong Province”

September 23, 2015

Exchange level “Trading rules for carbon allowance” August 31, 2015

“Guidelines for carbon allowance repurchase business
in Guangdong”

October 21, 2015

“The process of registration and operation on carbon
allowance mortgage business in Guangdong Province
(for Trial Implementation)”
“Detailed rules for controlling and managing carbon
trading risk”

December 17, 2015

Source http://www.cnemission.cn

In terms of the trading dates shown in Table 2, the number of trading days without
any price fluctuation continued increasing from 2014 to 2015. There were 7 such
days during the first four months of compliance year 2015, which indicates the
market was becoming increasingly stable. However, the liquidity still cannot be
clearly determined under the circumstance of no price fluctuation on the trading day.
Therefore, it is necessary to compare the trading volumes of the trading dates in
Table 2; the trading volume trend of the 23 days is shown in Fig. 2.

Table 2 shows that the trading volume experienced a dramatic increase on August
14, 2015, and the overall trading in the following period was better than in the
early stages. This shows that the trading volume’s influence on price was gradually
weakening and the ability of theGuangdong carbonmarket to bear risk had improved;
the Guangdong carbon market was quietly changing.

3.1.3 The Liquidity on a Normal Trading Day

Further, we can directly use formula (1) to measure the liquidity of the Guangdong
carbon market, and after eliminating several extreme values, which may disturb
observation, this paper arrives at a figure to reflect the liquidity trend of a normal
trading day on the Guangdong carbon market as shown in Fig. 2. We first see from
Fig. 2 that there is a difference between the years 2014 and 2015; the MH index of

http://www.cnemission.cn
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Fig. 2 Guangdong carbon market’s MH index on a normal trading day. Source: http://www.
cnemission.cn

the former was more centralized, and the majority of it basically remained above
100 million, while the MH index of the latter was scattered and had only a few high
values, many of which were almost approaching zero.

3.2 Influencing Factors of the Liquidity of the Guangdong
Carbon Market

Due to differences in liquidity in periods around compliance year 2015 in the Guang-
dong carbon market, to investigate why the liquidity changed and identify the factors
that influenced this liquidity, this section will divide the development of the Guang-
dong carbon market into two periods: compliance year 2014 (from July 16, 2014 to
June 23, 2015) and compliance year 2015. It will then compare the two stages from
four aspects in accordance with the classification of the general influencing factors
of the carbon market.

3.2.1 Laws, Regulations and Policies

Policies and regulations generally remain effective in the long term once promul-
gated; for instance, the National Development and Reform Commission of China
published the “Interim Measures for the Management of Carbon Emissions Trad-
ing” on December 12, 2014, to take effect 30 days later, but there is no specific
period of validity, which means that the measures will be implemented over the long
term. TheGuangdongDevelopment andReformCommission officially implemented
“the Detailed Rules of Managing Carbon Emission Allowance” on March 1, 2015
and stipulated that the rule would be valid for 5 years. The regulations and policies
implemented in compliance year 2014 were effective in compliance year 2015. To

http://www.cnemission.cn
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determine changes in regulations and policies in 2015, here, comparison of the reg-
ulations and policies in the two stages is limited to analyzing the new regulations
and policies published in compliance year 2015. The new policies and regulations
related to the Guangdong carbon market are shown in Table 2.

As Table 2 shows, at the country level, there were a total of three policies related to
the Guangdong carbon market in compliance year 2015, at the provincial level four,
and at the exchange level three. At the country level, China has put forward compre-
hensive plans for ecological civilization construction, which include the contents of
the carbon rights system and green finance, and has reached consensus with the USA
and France, demonstrating a determination to actively participate in tackling climate
change. At the provincial level, the Guangdong Provincial Development and Reform
Commission made detailed provisions regarding the issuance of Guangdong carbon
allowances for the 2015 compliance year and officially launched reporting of green-
house gas emissions. At the exchange level, CEEX further optimized their trading
rules and strengthened their ability to control trading risk, and in the meantime also
opening up the business of buying back and mortgaging carbon allowances.

Comparing regulatory policies, we see that there were no major changes between
the compliance years 2014 and 2015. The state released two documents about solving
climate problems, which indicate that China is gradually paying more attention to
ecological and climate change. The prospects forChina’s carbonmarket development
remain bright, but in the compliance year 2015 therewere nomajor influential laws or
regulations released. Additionally, except for the four rules published by CEEX, no
important and relevant laws or regulations were published at the provincial level; the
only major difference was the “carbon allowance scheme”, which may be one reason
why the liquidity of the Guangdong carbon market changed in 2015. In addition,
we can determine that Guangdong’s carbon financing business has begun to improve
and become standardized.

3.2.2 Carbon Allowance Scheme

Compliance year 2014

The total carbon allowance of Guangdong in 2014 was approximately 0.408 bil-
lion tonnes, including 0.37 billion tonnes for emission-controlled enterprises and
0.038 billion tonnes for reserve. The reserved allowances consisted of allowances
for new business projects and allowances for market adjustments. There were in total
193 emission-controlled enterprises from the industries of power, cement, petro-
chemicals and steel, whose annual emissions exceeded 20 thousand tonnes of CO2

(or comprehensive energy consumption equal to 10 thousand tonnes of standard
coal). Additionally, 18 new business projects had the same emission standard as
the emission-controlled enterprises after construction and operation. The alloca-
tion method of carbon allowances combined the baseline method and the historical
method (Table 3).
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Because of the special provisions regarding the output correction factor of coal-
fired generators and gas generators, the actual allowance for the power industry is
relatively less, and its need to expand capacity is somewhat limited.

Compliance year 2015

The total carbon allowance of Guangdong in 2015 was also approximately 0.408
billion tonnes consisting of 0.37 billion tonnes for emission-controlled enterprises
and 0.038 billion tonnes for reserve (reserved allowances included allowances for
new projects and market adjustments). The emission-control system covered 186
enterprises,whose emissions exceeded 20 thousand tonnes (or comprehensive energy
consumption equal to 10 thousand tonnes of standard coal) and came from the four
industries of power, steel, petrochemicals and cement. Therewere 31 enterpriseswith
new projects, and the standard to be covered was the same. The allocation method of
allowances adopted the baseline method and the historical method (details are shown
in Table 4).

The specific allowance calculation methods for 2015 were almost the same as
in 2014, and there was no special provision regarding the output adjusting factor
of some of the industries and related processes. The allocation of allowances still
combined the free and the paid, with the free allocation proportion of the power
industry at 95% and for the other three industries at 97%.

Comparison

Comparing the Guangdong carbon market’s allowance allocation system in compli-
ance years 2014 and 2015, we see that the allowance allocations of the two years were
generally similar but that there were also many differences in the details. Summaries
of several major changes in Guangdong’s carbon allowance allocation in compliance
year 2015 are presented in Table 5.

3.2.3 Trading Rules

The Guangdong carbon market consists of the primary market and the secondary
market. The annual trading scale of the primary market is significantly higher than
that of the secondary market, but taking into account the few trading opportunities
and large time intervals, the comparison here focusesmainly on the secondarymarket
in compliance years 2014 and 2015.

(1) The common points of the two compliance years

The participants in the Guangdong carbon market in both years included emission-
controlled enterprises, new projects, individuals, some approved investment institu-
tions and other organizations. The market implemented a membership management
system, and its products were GDEA and CCER. The transactions model adopted
listing-order selection and transfer by agreement (the detailed process is shown in
Fig. 3). The single order to list allowances above 100 thousand tonnes was required
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Table 5 Changes in GDEA’s allocation mechanism in compliance year 2015

Change 1 Change 2 Change 3

Emission-controlled
enterprises increased from
2011 to 2017

Coal-fired cogeneration unit
was brought into the scope of
applying the baseline method

The amount of paid
allowance was reduced from
8 million tonnes to 2 million
tonnes

Change 4 Change 5 Change 6

Bidding of paid allowance
implemented the policy
reserved price to replace the
auction base price

The restriction that
enterprises could only buy
carbon allowances from the
primary market was
eliminated

The process flow in some
industries was eliminated

Source http://www.cnemission.cn

Fig. 3 Process of the listing-order selection model and the transfer by arrangement model. Source
http://www.cnemission.cn

to use the model of transfer by arrangement, which differs from the listing-order
selection model in that with less information to list, it previously had not needed to
include the desired price and quantity. The opening price is the closing price of the
last trading day, and price fluctuation is limited to 10%.

(2) The adjustments to trading rules in compliance year 2015

The 2015 transaction fee was changed significantly, and CEEX made other adjust-
ments in the trading rules. On June 8, 2015, CEEX formally implemented many pref-
erential measures for carbon trading, lowered its threshold and put forward features
to attract and encourage investors to trade (shown in Table 6).

In comparison, there were many substantial changes to the trading aspect. The
change in the calculation method of the closing price may have resulted in a more
reasonable closing price to reflect the real market price and avoid manipulation
risk. The transaction fee also had to be reduced dramatically with 60% less than

http://www.cnemission.cn
http://www.cnemission.cn
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previously, which may have been very attractive to investors. In addition, many
preferential measures for the Guangdong carbon market were implemented in 2015.

4 Comparison of the Market Liquidity of Guangdong’s
and Hubei’s Carbon Pilots

The Hubei carbon market is a relatively special carbon market among the seven
Chinese carbon pilots; it started very late, on April 2, 2014. Hubei has the most
stable trading and price. As the Carbon K-line indicates, the price of the Hubei
carbon market generally remained at approximately 25 yuan per tonne from when it
began to November 30, 2015. The trading volume is also stable, and it was affected
relatively little by the time span. Additionally, there were almost no trading days
without any trading.

4.1 Trends in the Liquidity of the Hubei Carbon Market

Hubei’s carbon allowance allocationmethod ismore complicated than that of Guang-
dong, especially in the data and information, except for the CHEEX’s announcement
that Hubei only conducted one transfer of 2 million tonnes government reserved
allowance in 2014 and there was no transfer of government reserved allowance in
2015. It is difficult to access the other data and information to calculate the MH
index of the Hubei carbon market. As a result, this paper will scale up the index
and substitute the market liquid allowance with the entire year’s total allowance in
2014, representing the market liquid allowance with 1.1 times the entire year’s total
allowance in 2015. In this way, the calculated market liquidity may appear worse
than in reality.

(a) The trend of zero transactions

On themarket fromApril 2, 2014 to November 13, 2015, there were 390 trading days
(excluding legal holidays and the temporary announced market closing day). There
were no trading days without any transactions; its proportion of zero transactions in
each month was zero per cent.

In the market’s simple zero transactions trend, Hubei’s carbon market was very
active, with trading days with more or fewer transactions accounting for 100% of the
total working days. There were no trading days without any transactions, which is
in sharp contrast to Guangdong’s carbon market. Hubei’s carbon market performed
well from this point of view, and the market was stable and had adequate liquidity.

(b) The liquidity with non-fluctuating price

During the period from April 2, 2014 to November 13, 2015, there were a total
of 23 trading days as shown in Table 7. Hubei’s carbon market was the same as
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Table 7 Dates and quantities of HBEA flowing into the market

Trading date Trading
volume
(tonne)

Trading date Trading
volume
(tonne)

Trading date Trading
volume
(tonne)

2014.05.25 43,977 2015.01.23 20,528 2015.06.02 121,856

2014.08.08 16,181 2015.01.28 13,608 2015.06.18 19,807

2014.10.31 18,275 2015.01.30 66,828 2015.06.19 660

2014.11.05 7639 2015.02.06 14,690 2015.06.24 17,500

2014.12.30 32,000 2015.03.27 25,337 2015.06.25 16,000

2015.01.08 5675 2015.04.07 57,100 2015.06.30 12,095

2015.01.14 8207 2015.04.23 15,795 2015.07.30 68,171

2015.01.21 27,029 2015.04.24 47,755

Source http://www.cnemission.cn

Guangdong’s in total trading days with non-fluctuating prices. However, the Guang-
dong carbon market started approximately 5 months before Hubei’s, which means
the Hubei carbon market had more trading days with non-fluctuating prices than
Guangdong’s in the same period and that Hubei’s carbon price performed better
than Guangdong’s in price stability. In addition to the differences in price and trad-
ing days, the trading volume of Hubei’s carbon market was more stable. Except for
the minimum 660-tonne allowance, the trading volume of the other trading days all
exceeded 5 thousand tonnes.

The trading volume of the Hubei carbon market’s trading days with non-
fluctuating price essentially remained at approximately 20 thousand tonnes; themax-
imum exceeded 120 thousand tonnes on June 2, 2015. Hubei’s compliance period
of the first compliance year was from July 2, 2015 to July 10, 2015; however, the
market had no obvious “compliance phenomena” in the period before compliance.
Therefore, Hubei’s carbonmarket was generally stable andwithout periodic features.

(c) The liquidity on a normal trading day

As in the analysis of Guangdong’s carbon market, after excluding the above two
situations, the remaining trading days were all normal in terms of trading volume
and price fluctuation. As a result, here, formula (1) can be used to measure the Hubei
carbon market’s liquidity. After eliminating the two extreme values of 3503.741 on
November 12, 2015 and 21.5796 on March 4, 2015, the MH liquidity index trend of
Hubei’s carbon market can be shown as in Fig. 4.

In these circumstances, although the MH index has been scaled up compared
with the actual values, the overall MH values remain very low. Except for the several
extreme values, the maximum is 4, and after eliminating this value, most values are
close to the “X-axis”. In addition, from the MH index trend, we see no obvious
regularities and that the index values from August to September slightly increased.
The index values of early November 2014, late February 2015 and late August 2015
all have the trend of drastic inclines, but because there are too few of these values,

http://www.cnemission.cn
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Fig. 4 MH Index trend of Hubei’s carbon market. Source http://www.cnemission.cn

they are not quite representative. Therefore, the MH index values of Hubei’s carbon
market were relatively small and stable, which means the liquidity of Hubei’s carbon
market was adequate and stable.

4.2 Liquidity Comparison of the Guangdong and Hubei
Carbon Markets

In general, Guangdong’s carbon market was unstable and often had zero trans-
action trading days; its features included serious “compliance phenomena”, great
price fluctuation, and low exchange rate. After summarizing the liquidity analysis
of the Guangdong carbon market from three different angles, we find that its overall
liquidity was poor and there remained a large gap between it and Hubei’s carbon
market.

(1) Regarding themarket’s zero transaction days, Guangdong had a high proportion
of such trading days each month, and the “zero transaction” proportion rose to
100%.

(2) For the liquidity with non-fluctuating price, Guangdong was the same as Hubei
but owing to the late start of Hubei’s carbon market, Guangdong’s still lagged
behind Hubei’s in market stability.

(3) Except for the above two circumstances, on normal trading days, even when
Hubei’s MH index values were scaled up, they were still lower than Guang-
dong’s. Guangdong’s MH index values were too high, at almost ten thousand
or one million times Hubei’s MH index.

http://www.cnemission.cn
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4.3 Comparing Influencing Liquidity Factors Between
the Two Carbon Markets

4.3.1 Laws, Regulations and Policies

Relevant regulations and policies for the Hubei carbon market

According to the policies, laws and regulations listed in Hubei’s carbon emissions
trading centre bulletin, most of the policies and regulations are at the provincial level
and only two were promulgated by the Hubei carbon emission exchange. This may
have resulted from the provincial government’s heavy dominance of Hubei’s carbon
market and the relatively strong attachment of Hubei’s carbon emission exchange
to the provincial government. Policies and regulations applying to the Hubei carbon
market are shown in Table 8.

On the provincial level, Hubei put forward general requirements about the dis-
tribution and management of emission allowances, market trading, MRV systems
and the incentive-constraint mechanism, while the allowance allocation method was
also described in detail. In addition, the “Low-Carbon Development Plan of Hubei’s

Table 8 Laws, regulations and policies of the Hubei carbon market

Province level “Interim Measures for the administration and trading
of carbon emission rights in Hubei Province”

April 4, 2014

“The scheme of carbon allowance in Hubei Province” April 14, 2014

“Guidelines for the verification of greenhouse gas
emission in Hubei Province (for Trial
Implementation)”

July 24, 2014

“Guidelines for the detection, quantification and
reporting of greenhouse gas emissions from industrial
enterprises in Hubei Province (for Trial
Implementation)”

“Hubei Province low-carbon development plan of
energy saving and emission reduction in 2014–2015”

October 27, 2014

“Notice of the provincial development and Reform
Commission on the relevant matters concerning the
carbon emission right offset mechanism in Hubei
Province in 2015”

April 17, 2015

“Measures for the administration of Hubei Province
on carbon emission allowance release and repurchase
(for Trial Implementation)”

September 28, 2015

Exchange level “Rules for the implementation of the carbon
allowance custody business in Hubei Province (for
Trial Implementation)”

December 8, 2014

“Trading rules for carbon allowance in Hubei
Province”

December 11, 2014

Source http://www.cnemission.cn

http://www.cnemission.cn
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Energy saving and Emission Reduction” set a goal of 3.4% reduction in carbon
emissions per GDP.

Comparison with Guangdong

In terms of carbon emission reduction targets, the “Guangdong Provincial Plan of
Energy Saving and Carbon reduction for 2014–2015” set a reduction goal of more
than 3.5% for carbon emission per GDP, which is basically consistent with Hubei
Province. Guangdong also formally implemented the provincial regulation “Pilot
Measures for the Administration of Carbon Emission in Guangdong Province” on
March 1, 2014; considering the different starting dates of the two markets, this was
relatively late for Guangdong to publish provincial carbon regulations. Additionally,
the one major difference between the two markets is the disposal method of residual
carbon allowances. Hubei provides that a residual carbon allowance that has not
been traded must be cancelled in the compliance period and cannot be held by an
enterprise itself, while Guangdong allows enterprises to withhold a residual carbon
allowance and use it for the following year’s compliance.

4.3.2 Carbon Allowance Scheme

Hubei Province

Hubei had a total of 0.324 billion tonnes carbon allowance in compliance year 2014,
which consisted of the initial allocation allowance, the reserved allowance for adjust-
ment and the government’s reserved allowance. The concrete calculating methods
are as follows:

• The initial allowance = total carbon emission of enterprises in 2010 × 97%
• The government’s reserved allowance = total carbon allowance × 8% (includes
30% for public bid)

• The reserved allowance for adjustment = total carbon allowance − the initial
allowance − government’s reserved allowance

The initial allowance is freely issued to enterprises at one time early in the com-
pliance year, while the reserved allowance for adjustment is issued after enterprises
complete their emission verification before compliance. The government’s reserved
allowance is mainly used to adjust the supply and demand of allowances and further
maintain market stability. On March 31, 2014, the 2 million tonnes of Hubei gov-
ernment’s reserved allowance was successfully bid, and the base price was 20 yuan
per tonne allowance.

If the actual carbon emission and the initial allowance differ more than 20% or
2 million tonnes, enterprises are allowed to apply to change their initial allowance
(the detailed calculation methods are shown in Tables 9 and 10).
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Table 9 Carbon allowance calculation method of Hubei’s emission-controlled enterprises in 2014

Industry Calculation formula

Electric power industry (baseline method) Total amount of carbon allowance = advance
allowance ± post-regulation allowance
Advance allowance = historical base
emission × adjustment coefficient 0.9192 ×
50%
Post-regulation allowance can be divided into
additional allowance and collected allowance
Additional allowance = excess generating
capacity × benchmark value (99.193
tonnes/thousand kilowatt hours for thermal
power, combined heat and power, coal gauge
power generation enterprises adopt the
emission of unit power generation in the exact
year)
Collected allowance = residual electricity
generation × carbon emissions of unit power
generation

Non-electric power industry (historical
method)

Initial allowance of the compliance year =
historical base emission × adjustment
coefficient 0.9192

Source http://www.cnemission.cn

Table 10 Calculation
method of adjusted allowance
of Hubei’s
emission-controlled
enterprises in 2014

Difference of more than 20% between actual carbon emissions
and the annual initial allowance:

Additional allowance = actual carbon emission-initial
allowance × 120%
Collected allowance = initial allowance × 80%-actual carbon
emission

Difference of more than 200 thousand tonnes between actual
carbon emissions and the annual initial allowance:

Additional allowance = actual carbon emission-initial
allowance-200 thousand tonnes
Collect allowance = initial allowance-actual carbon
emission-200 thousand tonnes

Source http://www.cnemission.cn

Comparison with Guangdong

In terms of setting the total carbon allowance, Guangdong Province allowsmore than
that of Hubei. The Guangdong government’s reserved allowance accounts for 9.3%
of the total allowance, 1.3% higher than that of Hubei, and the allowance used for
public bidding is also more than that in Hubei. Additionally, both Guangdong and
Hubei adopt the allocation method of rolling the base three years but taking account
of the different industrial structures and Hubei’s rapidly growing economy, Hubei’s

http://www.cnemission.cn
http://www.cnemission.cn
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carbon allowance is relatively tight. One significant reason for the heightened activity
in the Hubei carbon market is its tight carbon allowance; the calculated allowance in
accordance with the base year is obviously inadequate for the economic reality.

4.3.3 Trading Rules

Hubei’s carbon market consists of a primary market and a secondary market. How-
ever, the secondary market is considered as the main component, whereas there is
only one auction in the primary market. The following focuses mainly on analyzing
the secondary market.

Hubei’s carbon trading rules

Hubei’s primary market also chose auction as the only transaction mode; however,
the allowance that has been traded comes from the government’s reserved allowance.
In terms of the market openness, Hubei’s primary market is opened to enterprises,
investment institutions, and social and individual investors. In terms of the auction
price, Hubei set a price as the base trading price in compliance year 2014, which
is the same as Guangdong. The base price “20 yuan per tonne” is very close to the
secondary market. However, Hubei only conducted one auction in compliance year
2014.

For the secondary market, the participants include domestic and foreign invest-
ment institutions, carbon emission-controlled enterprises, organizations and individ-
uals, all managed by the membership management system of CHEEX (see Table 11).
Until October 30, 2015, the Hubei carbon market had a total of 6,292 investors. The
market uses the mixed transaction mode of “pricing transfer” and “negotiated trans-
fer”, and all transactions must declare their trading demand through the trading
system. In the meantime, the allowance quantity that individuals hold cannot exceed
1 million tonnes.

Table 11 Transaction mode of Hubei’s secondary carbon market

Negotiated transfer Pricing transfer

“Negotiated transfer”
implemented the
non-continuous trading
forms; 5 min is a complete
period, the previous 4 min is
for declaration and the last
1 min is for negotiation and
report. The price can fluctuate
in the range of 10% above
and below of the last trading
day’s closing price

Public transfer Transfer by arrangement

1. Fixed price
2. List first and then wait for
transaction order
3. According to the principle
of price priority

1. The same as Guangdong’s
transfer by agreement
2. Take the same 10% price
fluctuation range with public
transfer

Source http://www.cnemission.cn

http://www.cnemission.cn
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The opening price of Hubei’s secondary carbon market is the price of the first
transaction, and the closing price is equal to the weighted average of the prices in
the last 10 trading periods. If there has been no transaction in the last 10 trading
periods, the closing price is represented by the last transaction of the trading day. In
terms of the transaction costs, individual and institutional investors are free to open
an account, broker members who joined before September 30, 2015 are exempt from
the membership and annual fees, and the brokerage commission ratio will gradually
increase from 50% to 90% along with its transaction size. Additionally, there are
two notable features of the handling fee. First, the handling fee of negotiation and
bargaining does not exceed 5% of the total trading amount on both sides. If the
total handling fee reaches 100 thousand yuan or one must pay a handling fee of 100
thousand yuan at one time, investors can request a fee waiver. Second, the handling
fee of a pricing transfer is 4% of the total trading amount on the single seller.

Comparison with Guangdong

First, the source of allowance for auction in Hubei differs from that in Guangdong’s
for auction comes from the allowance of enterprises which carbon emission is con-
trolled. For the primarymarket in Guangdong, individual investors are not allowed to
participate, and the conditions of institutional investors entering the primary market
are somewhat strictly regulated.

Second, based purely on Hubei’s carbon market, although there is only one auc-
tion in the primary market, the secondary market liquidity has been very stable
and adequate. Therefore, the primary market may have limited influence on market
liquidity.

Third, the auction price of Hubei’s primarymarket is close to that of the secondary
market, which is similar to that of Guangdong after Guangdong established the link
between the primary market price and the secondary price. We could infer that the
primary market price may have greatly influenced the carbon market liquidity.

Fourth, participants in the Guangdong and Hubei secondary carbon markets
are essentially similar, including enterprises, institutional investors and individual
investors.

Fifth, the daily price limits in Guangdong and Hubei are basically consistent;
the price limit of “negotiated transfer” in the Hubei carbon market is, as in Guang-
dong, 10%. The price limit of “pricing transfer” is different at 30%. Hubei has
not restricted institutional investors buying allowances; the only restriction is that
individual investors must hold allowances of less than 1 million tonnes. However,
Guangdong has placed restrictions on their institution investors and individuals, with
the maximum holding allowance 3 million tonnes.

Sixth, in terms of the transaction costs, Hubei has lower costs than Guangdong.
Hubei has not only allowed institutions and individuals to open accounts freely but
also implemented relief measures on account, annual and handling fees. The gradient
commission discount, in particular, is more conducive to encouraging members to
trade and further stimulated its carbon market.
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4.3.4 Carbon Finance

While Guangdong’s carbon finance is more focused on enterprises’ compliance and
financing, Hubei’s carbon finance is more diverse and with a variety of functions
(see Table 12). Regarding carbon funds, which can effectively drive market trad-
ing, Guangdong also differs from Hubei. Guangdong’s carbon fund is government-
oriented and with low marketization. Private capital has not fully attracted participa-
tion in carbon trading, which may be related to the different positioning of the two
carbon markets.

In termsof time, the progress of developing carbonfinance inGuangdongProvince
is relatively slow compared with that in Hubei Province. Guangdong has launched
only four carbon financial products in the 2 years since it started. Although Guang-
dong established a carbon fund, it is still too dependent on the provincial government
to promote the needed degree of marketization and operate it successfully. Hubei’s
carbon finance has been blossoming everywhere from the beginning of the market,
achieving successful operation of the carbon emission right pledge loan, carbon fund,
carbon asset custody, carbon financial credit and carbon bond in only several months.

In terms of the scale of products, Hubei has promoted many carbon emission
right pledge loans for a total of 0.54 billion yuan over one year, while Guangdong
has just finished once for a total of 5 million yuan. The pledge loan activity in
Guangdong is still far from that in Hubei. For the other three financial products of
Guangdong’s carbon market, no corporation has used the carbon trading corporation
overdraft since it was launched. As the new carbon financial products of Guangdong,
the carbon allowance repurchase and EA-SCP are very important mechanisms.

5 Conclusions

Comparing its own performance over time, the liquidity of Guangdong’s carbonmar-
ket has had obvious compliance phenomena in the previously discussed 2 compliance
years. Liquidity was relatively better during the period around compliance, but on
normal trading days it was extremely poor. In compliance year 2015, there were sig-
nals that the market liquidity might change and improve. But compared with Hubei
Province, owing to the obvious inadequate liquidity, there remained much room for
Guangdong to improve its carbon market liquidity. Through the comparison of mar-
ket liquidity and its influencing factors from historical and lateral perspectives, this
paper draws the following conclusions:

First, because the Guangdong carbon market did not publish many policies and
regulations in compliance year 2015, the liquidity was contrary to the usual trend
and performed successively better in the months after the last compliance period.
This change indicates that there is no great relevance of policies and regulations to
the liquidity of Guangdong’s carbon market as well as those policies and regulations
may not be themain reasons for the improvement in themarket’s liquidity. Therefore,
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Table 12 Carbon finance methods: Hubei versus Guangdong Province

Guangdong Province Hubei Province

Product Practical case Product Practical case

Carbon Emission
Allowances
Mortgage Financing

On 2014 December
25, Guangzhou
University City
Huadian new energy
company mortgage
its own 15 million
tons carbon emission
allowance to the
Shanghai Pudong
Development Bank
Guangzhou Branch
and acquired also an
of 5 million yuan

Carbon Emission
Right Pledge Loan

1. On September
19th, 2014, Hubei
Yihua Group got
loans from Industrial
Bank of 49 million
yuan by mortgaging
its 2.1 million tons
emission allowance
2. On November
25th, 2014, China
Construction Bank
Hubei Branch signed
an agreement of 0.3
billion yuan with
Wuhan Huaneng
Power Generation
Co., Ltd. Meanwhile.
Everbright Bank
Wuhan Branch
signed an agreement
of 0.1 billion yuan
with Hubei JinAo
Chemical
Technology Co., Ltd.
3. On August 25th,
2015. China Import
and Export Bank
Hubei branch signed
an agreement of 0.1
billion yuan with
Hubei Yihua Group

Carbon Trading
Coloration overdraft

On 2014 December
25, Guangzhou
University City
Huadian new energy
company acquired a
carbon trading
corporation overdraft
of 5 million yuan
from Shanghai
Pudong Development
Bank Guangzhou
Branch

Carbon Fund Hubei public the
China first carbon
market fund on
November 26th
2014. Huaneng
Group and Lion Fund
management Co., Ltd
jointly issued the
scale of 30 million
“carbon emissions
permits special asset
management plan”
fund aiming to invest
in allowance trading

(continued)
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Table 12 (continued)

Guangdong Province Hubei Province

Product Practical case Product Practical case

Carbon Allowance
Repurchase

\ Carbon
Crowd-funding

On July 24th, 2015,
CHEEX raised 0.2
million yuan in
5 min, which was use
for CCER
development of rural
biogas digesters. This
project helped the
farmers increase
income by
revitalizing their
carbon asset and
benefit the investors
with CCER emission
reduction or
certificate of honor

EA-SCP \ Carbon Asset
Custody

1. On December 8th,
2014. Hubei Xingfa
Chemical industry
Co., Ltd successfully
entrusted its 1
million’s tons carbon
allowance
2. On December
22nd, 2014. Hubei
Yihua Group signed
agreement to entrust
its 1.008 million tons
carbon allowance

Low-carbon
Development Fund

On October 26, 2015,
Guangdong
provincial
development and
Reform Commission
and provincial
finance department
arranged 100 million
yuan’s low-carbon
development fund,
and commissioned
Guangdong Yueke
Financial Group Co.,
ltd. to manage

Carbon Financial
Credit

By the end of
November, 2014.
Hubei has signed
credit agreement of
the “low carbon
industry development
and Hubei carbon
financial center
construction” with
China Construction
Bank, Minsheng
Bank, Shanghai
Pudong Development
Bant and the
Industrial Bank, the
total size has reached
800 billion yuan

(continued)
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Table 12 (continued)

Guangdong Province Hubei Province

Product Practical case Product Practical case

Carbon Bond On November 26th,
2014, Minsheng
Bank Wuhan Branch
signed the domestic
largest carbon bonds
intentionality
cooperation
agreement with
Hubei Huadian
Power Generation
Co,. Ltd for 2 billion
yuan

Source http://www.cnemission.cn

policies and regulations cannot effectively stimulate enterprises to participate inmar-
ket trading and are not entirely conducive to enhancing the liquidity of Guangdong’s
carbon market.

Second, methods of calculating and issuing carbon allowances are some of the
main factors influencing the liquidity of the Guangdong carbon market. Guangdong
has made several adjustments to its carbon allowance scheme, such as increasing the
quantity of emission-controlled enterprises, expanding the scope of industries that
suit the baseline method, reducing the quantity of paid allowance, cancelling the base
bidding price and linking the price of the primary market and the secondary market,
and abandoning the limitation that enterprises could only buy allowances from the
primary market. These many measures together made the participants in Guang-
dong’s carbon market more diverse and the relationship of supply and demand more
balanced. Consequently, the liquidity of Guangdong’s carbon market has improved.
However, compared with Hubei ETS, the total allowances of Guangdong are still
relatively loose and the enterprises rather concentrated.

Third, the microstructure of Guangdong’s carbon market is another factor greatly
influencing its liquidity. The implementation of linking the prices of the primary
and secondary markets in Guangdong was helpful in reducing the fragmentation
of the two markets, which as a result improved the expectations of enterprises and
institutional investors of the secondary market and their participation in it. After
CEEX launched a series of preferential measures on transactions, the attractiveness
of the secondary market to investors was further enhanced. Additionally, comparing
the trading rules of Guangdong and Hubei, Hubei’s barriers to market entry are
quite low, and Hubei has crafted extremely attractive trading incentives. Creating a
huge scale of individual investors and institutional investors may be the main reason
why Hubei’s market activity exceeded Guangzhou’s. Therefore, although the factors
influencing investors to participate in the Guangdong carbon market vary, in terms

http://www.cnemission.cn
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of expanding the number of participants, the effectiveness of Guangdong’s relevant
measures is still not obvious.

Fourth, financial innovation that Guangdong undertook in compliance year 2015
was not the main factor influencing improvements in its carbon market. From a
historical perspective, Guangdong is speeding up its carbon financial innovation,
launching two carbon financial products at the same time and greatly making up
for its previous lagging behind on carbon finance. However, whether or not the two
products were launched and how the market liquidity performed have no obvious
positive correlation characteristics. Comparing the carbon finance of Guangdong
and Hubei, there is no doubt that the development of carbon finance has a great
influence on the market liquidity. Hubei’s carbon financial products are diverse and
involved in low-carbon financing, carbon asset management, market trading and the
other aspects. Each product has been operated successfully on a considerable scale,
and many carbon financial products were developed hand in hand. Consequently, a
virtuous cycle of carbon market and carbon finance has been created. This may be
the main reason for the large difference in liquidity between Guangdong and Hubei.
Therefore, Guangdong’s carbon financial structure must be optimized and scaled up.
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Transitions of Coal-Fired Power Plants
in China: A Case Study in the Greater
Bay Area

Hao Tan and Jingyan Fu

Abstract The transition into renewable and sustainable energy of China requires
retirement of the legacy energy infrastructure and the development of new ones for
sustainability. In particular, China being similar to other major economies of the
world needs to gradually retire its coal-fired power generating facilities in a timely
manner. Through a case study, this chapter looks into the distinct challenges and
opportunities in the midst of transition of the coal-fired power sector into more clean
energy facilities in China within the context of the Greater Bay Area. Implications
for the future developments in the sector are discussed.

Keywords Coal-fired power · Fossil fuel · Transition · Greater Bay Area · Legacy

1 Introduction

Climate change is likely to be one of the greatest threats to global economic security
and social stability in the course of the twenty-first century. The global economy’s
willingness and ability to reduce carbon dioxide emissions and control greenhouse
gas concentrations will be crucial for climate stabilisation. Many suggest that a
transition to a low-carbon economy would be an important step towards meeting this
demand for climate stability [1, 2].

The efficiency of conventional fossil power plants is a strong function of the steam
temperature and pressure. Research to increase both has been pursued worldwide,
since the energy crisis in the 1970s. The need to reduce CO2 emissions has recently
provided an additional incentive to increase efficiency [3].

A transition of the fossil-fuel-based economy is underway. The choice of fuels and
technologies has ramifications far beyond the profit and loss statements of the people
deciding them. In that case, decentralised decision-making will not reach a desirable
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overall result. Planning and coordination are essential to tackle these problems [4]. To
meet the goal established in the ParisAgreement, namely to keep a global temperature
rise this century well below two degrees Celsius above pre-industrial levels and to
pursue efforts to limit the temperature increase even further to 1.5 °C, the percentage
of coal-based electricity in the energy system, both nationally and globally, needs to
be substantially reduced.

While many current efforts are focused on stimulating new green options, weak-
ening the cultural, political, economic and technological dimensions of fossil-fuel-
related industries is just as important as stimulating green options. The bi-directional
causality suggests that both processes are two sides of the same coin [5].

In January 2019, Germany’s Commission on Growth, Structural Change and
Employment (or the “Coal Commission” as it is commonly known) published a
report proposing that the country would stop burning coal for electricity by no later
than 2038. As a major energy policy initiative in the largest economy in Europe,
Germany’s phase-out of coal has attracted widespread attention in the world. The
announcement of Germany is significant because coal-fired power currently still
accounts for 35% of the country’s total electricity generation—a substantial share
which is only matched by that based on renewable sources such as wind and solar.
Meanwhile, Germany is a country with abundant coal reserves, which has played an
important role for building the country’s formidable manufacturing industries during
the past 200 years. The decision of Germans to move away from relatively cheap
coal power is a significant development in the country’s energy transition.

Germany is not the first country to declare the phase-out of coal. In 2017, at the
United Nations Climate Change Conference (“COP23”) held in Bonn, the UK and
Canada initiated a Powering Past Coal Alliance, which includes 32 national govern-
ments (such as France, Denmark, Italy, Mexico), 22 sub-national governments (such
as Australian Capital Territory, State of California) and 28 businesses or organisa-
tions as of March 2019. These countries, regions and organisations have all planned
to eliminate coal-fired power generation within the next few years (Table 1). It is fur-
ther estimated that the annual decommissioned coal-fired power generation capacity
will overpass the annual new installed coal-fired power generation capacity globally
by 2022, after which the total coal-fired power generation capacity worldwide will
decrease.

Although requiring further research, it appears that in many cases the process
of the energy transition was not smooth. Transitions have often depended on the
timing and influence of broader external landscape forces. Both the price of the
energy service and the price of the energy matter [6]. Replacing the current global
energy system relying overwhelmingly on fossil fuels by biofuels and by electricity
generated intermittently from renewable sources will be necessarily a prolonged
process [7].

In China, a transition of the coal-fired electric power sector is driven by multiple
factors. First, China has made a commitment in its pledge to the Paris Agreement
to peak its CO2 emissions by 2030, and to increase the share of non-fossil energy
in the total primary energy supply to around 20% by that time. In order to meet
those international obligations, a significant reduction of the consumption of fossil
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Table 1 Selected countries that are to phase out coal-based power generation as of April 2018

Country Region Installed capacity
of coal power
(MW)

Ratio coal-based
power in
electricity supply
(%)

Year of total
phase-out of coal
power

Austria Europe 635 5.8 2025

UK Europe 14,442 7.0 2025

Denmark Europe 2805 19.6 2030

Ireland Europe 915 11.9 2025

Italy Europe 9180 11.8 2025

Canada North America 9458 9.0 2030

Netherland Europe 4837 29.2 2029

New Zealand Asia-Pacific 500 2.8 2022

Portugal Europe 1978 25.5 2030

Finland Europe 1836 9.9 2029

France Europe 3526 2.5 2022

Sweden Europe 252 1.2 2022

Source Energy Research Club based on data from Powering Past Coal Alliance and Europe Beyond
Coal

fuels, especially coal, is needed in the country. Second, as the single-largest source of
air pollutants in China, coal has caused considerable local environmental concerns.
In 2013, in face of mounting concerns over severe smog problems, the Chinese
government released its Action Plan for Air Pollution Prevention and Control, with
ten major measures to tackle the issue.1 A number of specific policies have been
introduced which were directly targeting the use of coal at the national level. For
example, the share of coal consumption in the total energy consumption was to be
reduced to 65% in 2017 from a level of about 68% in 2013.

Meanwhile, the Action Plan also required that the coal consumption was to be
reduced in absolute term in several key regions in China, notably the three biggest
city clusters, including the Beijing–Tianjin–Hebei area, the Pearl River delta and the
Yangtze River delta. The Action Plan seems to be effective. According to the latest
energy statistics from BP (2018), the share of coal consumption in China accounted
for just over 60% of the total energy consumption in 2017. In those three key regions,
measures in the Action Plan have also been implemented successfully during the four
years between 2013 and 2017. In 2018, a new Action Plan was issued, which follows
the same principle of reducing coal use in China’s energy system.2 Third, China has

1See http://www.gov.cn/zwgk/2013-09/12/content_2486773.htm.
2See http://www.gov.cn/zhengce/content/2018-07/03/content_5303158.htm.

http://www.gov.cn/zwgk/2013-09/12/content_2486773.htm
http://www.gov.cn/zhengce/content/2018-07/03/content_5303158.htm


100 H. Tan and J. Fu

also faced considerable excess industrial capacity during recent years, especially in
the areas of steel, coal mining and coal-fuelled power generation.3

According to a study by researchers at the State Grid Co. Energy Research Insti-
tute, the country would only require 980 GW of coal power capacity at maximum
by 2020.4 Even in an event that no approvals would be granted for any coal power
projects from now on, the country would have an excess of coal power generation
capacity at a level between 220 and 420 GW by 2020 if all approved projects are
to be completed and put into production. Another more conservative estimate by
researchers at the North China Electric Power University predicts that the excess
of coal power capacity will reach 140 GW by 2020 [8]. Taking 300 MW as the
average capacity of one coal power generation unit, and a typical coal power plant
running two such units, the country needs to shut down a total of over 230 medium-
and large-sized coal power plants, which would involve about RMB 2.45 trillion (or
about US$365 billion) of assets.

To address the issue, the Chinese government has introduced a number of policies,
such as the “Notice on orderly development of coal power” in 2016, and notices on
“Earlywarning of coal power planning and construction” in several consecutive years
since 2016.5

There are significant economic, social and environmental implications of the tran-
sitions in the coal power sector in China. This chapter will examine some of the
distinct challenges and opportunities facing the transition of the coal power sector in
China, in particular in the context of the Greater Bay Area. It discusses the experi-
ences of coal power closures in two companies located in the area based on our field
study as well as the desk research. The case study reveals that their experiences have
been shaped by not only the factors at the regional and national levels, but also those
at the firm level such as their respective ownership structures and business portfolios.

2 Specific Challenges and Opportunities in Coal Power
Exit in China

The transition of fossil power plants in China imposes many challenges that are
common across countries. Those challenges are for individual firms of concern,
and other key stakeholders involved, including local governments, the communities
and employees in those firms. However, the distinctive institutional and economic
characteristics in the Chinese power sector also result in specific challenges and
opportunities in its transition. There seem to be at least three distinct challenges

3See, e.g., a news report published in the website of China’s central government at http://english.
gov.cn/premier/news/2017/05/10/content_281475651310534.htm.
4http://www.cnenergy.org/sylb/tj/201704/t20170414_443421.html.
5See http://www.ndrc.gov.cn/zcfb/zcfbtz/201708/t20170814_857567.html; http://zfxxgk.nea.gov.
cn/auto84/201805/t20180524_3186.htm.

http://english.gov.cn/premier/news/2017/05/10/content_281475651310534.htm
http://www.cnenergy.org/sylb/tj/201704/t20170414_443421.html
http://www.ndrc.gov.cn/zcfb/zcfbtz/201708/t20170814_857567.html
http://zfxxgk.nea.gov.cn/auto84/201805/t20180524_3186.htm
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facing exit of coal-fired power stations in China, in particular in the Greater Bay
Area.

First, the scale of excessive coal power capacity that China is substantially larger
than any other country in the world. By the end of 2018, the coal-fired power gen-
eration capacity in China totalled 1010 GW, which supplied about 65% of the total
electricity in China. The NDRC aimed to remove 20 GWof technologically outdated
capacity by 2020, which is equivalent to half of the current total coal power capacity
in Germany. According to a recent report by CoalSwarm [9], China currently has a
total of 260 GW of coal-fired power projects under construction, almost as much as
the total coal-fired power generation capacity in the USA. Many of those projects
were initiated after 2014, when the approvals were decentralised from the central
government to governments at the provincial level. These capacities to be added on
top of China’s existing coal capacity would push the country’s total coal power gen-
eration capacity to a level of 1270 or 170 GW larger than what Chinese government
aims to cap by 2020–1100 GWof coal-fired power capacity—suggesting the country
is having a severe overcapacity problem in the sector.

Meanwhile, the environmental problems associated with coal power generation
have brought greater pressures on local governments, and consequently their strong
intention to shut down more coal power plants in their areas. For example, in the two
policies that almost every local government is required to develop at the provincial
or even city levels, including the “Action Plan to Win the War to Defend Blue Sky”
and the “Action Plan for Comprehensive Management on Air Pollution Prevention
and Remedy”, explicit targets are often highlighted in regards to closures of local
coal power plants. The environmental pressure and the overcapacity problem make
exit of coal-fired power stations in China particularly urgent.

Second, there seems to be largely a lack of coordinated approach and policy sup-
port for the exit of coal power capacity. According to our field study, the closures of
coal power plants have beenmainly driven by administrative orders and usually upon
short notice. Due to a usually short time frame between the decision and the exe-
cution, the communications among the government, enterprises, workers and other
stakeholders were often far from adequate. Unlike the steel and coal mining indus-
tries where companies receive financial support from a fund specifically set up by the
central government, no such support has been provided to coal power companies for
their capacity reduction activities. The costs in association with closures of plants are
usually borne by the companies themselves. Further, new environmental and social
problems might arise due to the closure of coal-fired power stations in certain areas.
For example, the closures of coal power plants in advanced regions in China have not
always translated to the greening of the energy system in the country, because those
areas may import more electricity from other regions where electricity generation
can be coal-based. For example, the western regions in China have seen a rise of
construction activities of coal power plants in 2018.

By contrast, the “Coal Commission” in Germany was established by the Federal
government in June 2018, with commission members representing a range of stake-
holders including the industry, regions, environmental organisations and academia.
The lengthy negotiations led to an agreement that was passed with a vote of 27:1, and
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the outcome seems to be widely welcome by various parties, such as environmental
organisations, coal-producing regions, coal power plant workers and the user groups
of electricity.

Third, most power generation companies are not willing to close their coal power
plants voluntarily. Many of them have shown strong resistance even under pressures
of forced closures, with a few exceptions. A comprehensive and strategic plan on
the transition does not seem to be on the agendas within many of those firms either.
Strategic management scholars such as Michael Porter have outlined three types of
“exit barriers”, including the economic, strategy and managerial barriers [10]. Eco-
nomic barriers are mainly arisen from durable and specific assets that can hardly be
repurposed, as well as the costs associated with layoff of workers. The strategy bar-
riers are caused by the interrelatedness of different businesses within the corporate,
in that the exit of one business may have negative impacts on the business in other
areas. Finally, the managerial barriers are mainly due to a lack of information for
making proper decisions, and conflicting goals between the firm and the managers,
who would be unwilling to scale down the business out of the consideration of their
own interests.

In 2018, nearly 50% of China’s thermal power companies suffered a loss. How-
ever, among the companies we visited, few have been willing to decommission
their plants voluntarily, even when the power generation units had reached or were
approaching their retirement ages. The three types of exist barriers are all reflected
in those cases. For example, during recent years, power generation companies have
made substantial investments in desulphurisation and denitrification equipment in
order to meet the government’s new requirements in this area. These investments
have become sunk costs. Although the coal power business is hardly profitable, the
power generation firms would suffer a greater loss if the units are to be decommis-
sioned. In addition, since electric power generation business requires approvals by
various government departments at different levels, an access to this specific business
has always been regarded as a valuable resource which the companies are reluctant
to give up easily. The costs in relation to layoff of workers and managers are also an
important consideration, which creates a major challenge for firms to move ahead
with decommission if proper financial support from external sources is not in place.

Despite those challenges, there seem to exist several important opportunities of
which China, and especially its advanced regions such as the Greater Bay Area, can
potentially take advantage to make a transition in the coal power sector effective.

First, although the scale of coal power capacity in China that needs to be reduced
is stunning, the objective is feasible technically and affordable economically. The
country has the world’s largest electricity generation capacity, at a total of 1900 GW.
The electricity capacity and generation based on renewable energy sources has grown
rapidly, in particular solar and wind. The country has also developed advanced grid
networks; and the development of leading technologies such as ultra-high-voltage
(“UHV”) electricity transmission has made long-distance transmission more effi-
cient. Meanwhile, the structural changes in the Chinese economy during recent years
have resulted in a fall in energy-intensive manufacturing activities in China; and the
capacity to supply electricity is currently far greater than the demand. For example,
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China’s thermal power plants worked only 4361 h in average in 2018, less than 50%
of the full utilisation. Based on those factors, it seems that an orderly exit of coal
power at a relatively large scale is unlikely to cause risks to China’s energy security.

Second, while there is currently a lack of systematic and coordinated approach
in handling coal exit in China, policy coordination in this area, if designed well,
is possible because coal power exit is of the interests of the key parties involved in
this development, including the central government, local governments and the firms.
From the perspective of the central government, coal power exit is not only important
for easing overcapacity, a central economic policy during recent years, but also a
critical measure to help China fulfil its international commitment to combat climate
change. Especially considering this is an area where there are considerable attentions
from internationalmedia and environmental groups, it would be unwise if China loses
its ground on this issue. From the perspective of local governments, closures of coal
power plants could bring environmental benefits, in particular improved air quality
which is one of the major concerns of local people these days. Meanwhile, land used
by the power plants could be repurposed for other development, which would help
upgrade the image of the city. For power generation companies, although closure
of the plants is usually a challenging process, many of the companies are suffering
economic losses from coal power business. An early closure of their plants would be
beneficial for many of those companies as a transition strategy to negotiate for better
terms with governments and other stakeholders.

Finally, a main obstacle facing the power generation companies in coal power
exit arises from the costs in relation to resettlement of their workers. However, in
many cities in the Greater BayArea, there is usually considerable value attachedwith
the land currently occupied by the coal power plants and the related transmission
facilities. In fact, to access to those pieces of land has often been an important
motivation for the local governments to push for the closure of coal power stations in
their areas. Should proper arrangements bemade, the value derived from repurposing
the land would be sufficient to cover the related costs in the closure of those plants.

3 Case Study: Two Tales of Coal Power Exit

3.1 Background

The coal power exit in China has been driven by a number of economic, policy
and environment factors. In the Greater Bay Area, a number of coal power plants
have been in particular affected by the recent plan to develop the region as a new
economic engine as well as an exemplar in the country’s effort to promote ecological
civilisation. According to the Outline of Development Plan for Guangdong-Hong
Kong-MacaoGreater BayArea (thereafter “theOutlines”), to achieve those goals, the
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structure of energy supply in the region needs to substantially change.6 Specifically,
a clean, low-carbon, safe and efficient energy supply for the region as suggested in
the Outline requires an increase in the use of renewable energy and natural gas, and
meanwhile a significant reduction in coal consumption. Such a strategy implies an
aggressive coal power exit from the region.

In Guangdong province, additional measures have already been implemented
under its “Action Plan to Win the War to Defend Blue Sky 2018–2020” to reduce the
use of coal.7 For example, the Action Plan requires a cap of the percentage of coal
in the primary energy consumption in the province at 37%. According to the Action
Plan, the total consumption of coal needs to be below 70 million tons in the Pearl
River delta area, or 10 million tons less than the 2015 level.

In the area of coal power generation, the Action Plan explicitly requires the fol-
lowing: the province is to strictly limit the production capacity in pollution-intensive
and emission-intensive industries; to firmly close coal-fired power units that are at
a capacity under 300 MW and do not meet the environment, energy and/or safety
standards; to press earlier retirements of long-serving coal-fired generating units.

The Guangdong Provincial Development and Reform Commission needs to coor-
dinate with the State-owned Assets Supervision and Administration Commission of
Guangdong Province and the Guangdong Energy Group Co., Ltd, to decommission
a number of coal-fired power generating units at a total capacity of 3240 MW by
the end of 2020, including those in Guangzhou Power Plant, Guangzhou Wanglong
Thermal Power, Shajiao Plant A and Shajiao Plant B.

However, there are challenges to achieve those goals. Fossil fuels currently
account for about 70%of the current energymix ofGuangdong province.Meanwhile,
the energy resource endowment in the region is limited, resulting in a high level of
energy dependency on inter-provincial or even inter-country imports. For example,
about one-third of electricity demand in Guangdong Province is supplied through
the West-East Electricity Transmission Project, where the electricity is produced in
western provinces such as Guizhou and Yunnan, and transmitted to Guangdong for
end users. Therefore, the transition of the energy system in the region, and in par-
ticular the closures of coal power plants, faces challenges at multiple dimensions.
The “energy trilemma” in the decision-making and implementation process of coal
power exit in this context involves such considerations as energy/power supply secu-
rity and costs, environmental concerns of different stakeholders at the local, national
and international levels, and local and national economic growth.

The two coal power plants involved in our case study were both located in one
of the cities in the Greater Bay Area but owned by different electricity companies.
In 2018, both coal power plants were required by the provincial government to be
closed by 2019.

As part of theGreaterBayArea strategy at the local level, the local city government
plans to establish new economic engines to replace the “old”, energy- and pollution-
intensive industries. In particular, a new development area/city has been planned in

6http://www.gov.cn/zhengce/2019-02/18/content_5366593.htm (in Chinese).
7http://www.gd.gov.cn/zwgk/wjk/qbwj/yf/content/post_1055797.html (in Chinese).

http://www.gov.cn/zhengce/2019-02/18/content_5366593.htm
http://www.gd.gov.cn/zwgk/wjk/qbwj/yf/content/post_1055797.html
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the city, which is positioned as a cooperation platform of the Greater Bay Area, a
leading area for Guangdong–Hong Kong–Macao Collaborative Development, and
a core innovation platform for Guangzhou–Shenzhen–Hong Kong–Macao Science
and Technology Innovation Corridor. The two coal power plants were both located
in this new area that is currently under plan and development.

From the local government’s point of view, such a strategy can hardly move for-
wardwithout relocating those coal power plants, as their existence becomes an obsta-
cle for the development of key transportation corridors and other major infrastructure
and industrial projects. In addition, the local government anticipates an introduction
of advanced manufacturing industries into this area, where the tax yield per unit of
land is anticipated by the local government to be much higher than the tax yield at
the current level from the coal power generation businesses. The local government
has also a strong interest to develop a number of public facilities such as parks and
museums at the location in order to upgrade the image of the city.

3.2 The Two Main Companies

Company A in our case study is a large state-owned enterprise and a key electric
power supplier in the province. Although the company has undergone several reforms
and restructuring in the past, its governance is currently still featured with a highly
concentrated ownership structure, with 76% of the shares owned by the Provincial
State-ownedAssets Supervision andAdministration Commission, and the remaining
24% owned by one of the major national utility companies.

The company is almost solely reliant on electricity generation and sales, which
accounts for over 99% of its revenue. While the company has entered in other areas
of energy business during recent years, such as power generation based on renewable
sources including wind, solar and biomass, coal-based power generation currently
still accounts for 83% of total electricity generation of the company. Further, as a
major state-owned utility company in the province, the security and costs of the
electricity supply for the province is one of the main responsibilities of the company.
A high level of assets and the large number of employees also brought challenges to
the company during its coal power plant closure process.

Company B is also a state-owned enterprise. However, the company’s ownership
is more diffused. The company was publicly listed in 2007. While the State Assets
Supervision and Administration Commission of a local city is the controlling share-
holder of the company, it owns less than 50% of the company shares, and the rest
is owned by other shareholders including a national energy company. The company
has also introduced an employee stock ownership plan.

The business of Company B is also more diversified. While electricity gener-
ation and sales are the main business of the company, accounting for 82% of the
total revenue in the last year, the business portfolio of the company involves such
businesses as gas sales, waste processing and real estate development. Within the
electricity generation business, the coal-based power generation accounts less than
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50% of Company B’s total electricity generation, and the rest being contributed by
gas (25%), hydro-power (8%), solar (9%), wind (6%) and waste incineration (2%).

The coal power plants of Company A and Company B are co-located at a central
location of the Pearl River delta and are both parts of a power generation base which
has played a significant role in powering the economic activities in one of most eco-
nomically advanced regions in China. Together with another power plant, the two
coal power plants act as a key support for the electricity grid in the region. The coal
power plant owned by Company A (thereafter “PP-A”) included five power genera-
tion units and had about 2,000 employees before the closure. The coal power plant
owned by Company B (thereafter “PP-B”) was originally built by a foreign company
through a build–operate–transfer arrangement. For the first 14 years, PP-B was fully
operated by the foreign company based on its own management practices, before
the plant was transferred to the local SoE. The company had about 360 employees
before the closure.

While both companies have faced considerable challenges arisen from the forced
closure of their respective power plant, their responses and experiences somewhat
differ. Company A seems to have largely taken a reactive approach, hoping the
government at the provincial level to change or delay the plan to close PP-A. When
such a hope faded, the company did not have a clear strategy, and the company has
largely been viewed as being uncooperative in its subsequent dealing with the issue
by the local government. By the time of our field study, the company did not seem to
have actively engaged in negotiations with key stakeholders, including the local city
government, for seeking a better condition in a post-closure arrangement.By contrast,
while Company B was also originally against the decision to close its PP-B plant,
the company had managed to negotiate with the government for an approval which
allows the company to build a new natural gas-based power plant in a nearby city.
Given the smaller size in its workforce, the relocation of employees and managers
from PP-B also seem to be more effective.

As a major energy SoE in the province which has enjoyed being a dominant
market player for years, Company A seems to have a strong risk-averse culture and
considerable inertia against a change of its business portfolio. Its existing competitive
advantage based on the economy of scale in coal fire power generation business and
the related technological, physical and human resources in this area also creates
an exit barrier. The corporate governance of Company A also does not provide
motivations for its management and workers to support the transition, especially
given a number of uncertainties in relation to the closures of coal power plants.

Compared with Company A, coal power exit is more compatible to Company B’s
corporate strategywhich is aimed tobecomea comprehensive energy company,with a
focus on developing other energy businesses beyond coal power. The employee stock
ownership plan seems to have also facilitated better involvement of employees in the
reorientation of strategy, and a swifter decision-making according to the change of
the business environment. All those factors seem to have contributed to the different
closure processes we observed in the two coal power plants.
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4 Discussion and Concluding Notes

In face of external pressures arisen from energy transition, incumbent energy firms
display different behaviours. Some incumbent energy firms have responded to the
transition proactively, for example, by engaging in new energy technologies, while
many others delay their response, and others resist transitions by, for example, form-
ing political coalitions [11]. van Mossel et al. [11] draw from five theories in man-
agement and organisation studies to examine those responses, including Institutional
Theory, the Behavioural Theory of the Firm, the Resource-Based View, Resource
Dependence Theory and Organizational Ecology. Those theories have shed light (in
different ways) on the two main questions in regard to the antecedents and perfor-
mance implications of various incumbent behaviours, respectively. Those findings
are summarised in Table 2.

In our study on incumbent coal power generation firms in the Greater Bay Area
in China, we have also observed different exit behaviours by firms under the same
pressures from the government to close their plants. Those behaviours seem to be
subject to factors at the firm, regional and national levels. At the firm level, the
corporate governance and ownership structure, and the existing business portfolios
seem to have played important roles. At the regional level, the local political economy
and especially a heavy use of industrial policy and strong government interventions
in economic and social affairs with an aim to upgrade the economic structure in the
region in competitionwith other regions are someof themajor determinants in driving
the decision and shaping the process of the coal power exit. At the national levels,
the country’s international commitments to climate change are also an important
consideration.

Comparedwith the increasing research on incumbent firms in energy transitions in
the developed country contexts, especially that based in cases in Europe, research on
behaviours of incumbent firms in energy transitions in China is still rare. It is largely
an unexplored area in the transition literature to study particularly destabilisation of
incumbent firms in energy transitions at the firm level taking specific economic and
institutional environments of China into the consideration. Our study, albeit in an
early stage, makes a first step to fill this gap.

Practically, the transition of the Chinese coal power sector, in particular the clo-
sures of a large number of coal power plants necessary for the transition, is having
substantial implications to not only the national energy system and regional econ-
omy, but also the global environment. According to the policy issued by the National
Development and Reform Commission (NDRC), China needs to cancel or postpone
150 GW of coal-fired power stations that have been planned, and remove 20 GW
of existing coal-fired power generation capacity during the “Thirteenth Five-Year
Plan” period ending in 2020. Future international comparative studies on the bar-
riers, motivations and strategies in the process of coal power exit will inform and
facilitate a more effective and just energy transition in China.

For example, in Australia, coal power stations are not forced to exit by the govern-
ment. However, several major power generation companies have taken the initiative
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Table 2 Relationship between incumbent characteristics and behaviour during transitions

Theory First to enter
niches

Follow into
niches

Delay the
transition

Remain inert

Behavioural
theory of the
firm

Incumbents who
do not meet
their aspirations,
in the absence of
a niche that is
perceived to be
successful.
Incumbents with
a high amount
of slack

Incumbents who
do not meet
their aspirations,
in the presence
of a niche that is
perceived to be
successful

Incumbents that
meet their
aspirations

Resource-based
view

Incumbents with
dynamic
capabilities
Incumbents with
excess resources
that can be
exploited in a
niche

Incumbents with
dynamic
capabilities and
resources that fit
better with a
niche than the
regime

Incumbents that
can raise
isolating
mechanisms

Incumbents
without
dynamic
capabilities or
excess resources

Resource
dependence
theory

Incumbents that
control
resources that
allow them to
increase the
control over
their
environment in
a niche

Incumbents that
are dependent
on powerful
firms that
support a niche

Powerful
incumbents that
support the
incumbent
socio-technical
regime

Incumbents that
are dependent
on powerful
firms that
support the
incumbent
socio-technical
regime

Institutional
theory

Incumbents that
are exposed to
multiple
conflicting
institutions
Incumbents
whose
technically
efficient
practices deviate
strongly from
institutional
demands

Incumbents
whose
legitimacy is
higher in a niche
than in the
regime

Incumbents
whose
organisational
privileges and
social position
are threatened

Incumbents that
are only
exposed to the
institutions from
the incumbent
socio-technical
regime.
Incumbents
whose
legitimacy is
higher in the
incumbent
socio-technical
regime than in a
niche

Organisational
ecology

Incumbents with
a history of
innovative
organisational
change

Incumbent
generalists
Small
incumbents

Incumbent
specialists
Large
incumbents

Source van Mossel et al. [11]
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and have planned the closure of their coal power plants voluntarily within the next
few years. Such actions are mainly based on considerations that it would be eco-
nomically beneficial to undertake a well-planned exit of those power generation
plants than to continue to operate and maintain those facilities. This is especially
the case given future climate policies and public oppositions will increasingly place
uncertainties and pressures for the businesses in this area. Some of the companies
have introduced the notion of “transitionmanagement” [12], which helped overcome
some of the challenges in the planning process of the closure. For example, AGL,
one of the largest power generation companies in the country, has announced the
company will close two of its large coal-fired power stations in the Hunter region,
which currently supply almost 30% of the electricity used in New South Wales, the
largest state in Australia. In the process, the company has initiated a Hunter Energy
Transition Alliance which involves local governments, communities and research
institutes. The Alliance has been used as a platform of communication, as well as for
a number of research projects concerning the preparation and implementation of the
closure. Companies and other related parties in China could look into this experience
for ideas and inspiration.

Acknowledgements The authors thank Guangdong Energy Saving Centre and the companies that
they visited during the field study, for their help and assistance to this research.
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Penetration of Electric Vehicles
into the Greater Bay Area

Yang Andrew Wu and Songdan Nancy Guo

Abstract Green technology has increasingly penetrated our daily lives over the past
decade. Electric vehicles (EVs) have been widely accepted by both corporate users
and individual customers. Recently, the Chinese government has been firmly driving
forward its macro-economic policy, “Made in China 2025,” in manufacturing and
industry.At the same time,Chinese citizens are demanding a cleaner, healthier natural
environment for their urban lives. Promotion of EV has turned out to be one attractive
solution for a large number of stakeholders from various sectors. This chapter begins
with a review of cutting-edge EV technology development internationally. It covers
smart control and driving technology, new batteries, and energy storage devices. It is
followed by a comparative analysis of a range of policy incentives currently effective
in the Greater Bay Area (GBA) of China. These policies from different authorities
and departments need subtle cooperation in order to be fully executed. This chapter
discusses multiple incentives from three aspects: technology, economics, and policy
direction. The author believes that bothEVmanufactory and consumption in theGBA
will experience steady growth in the coming years.We conclude that an upward trend
of EV penetration in the GBAwill positively contribute toward energy sustainability
as well as the green finance of projects in the future.

Keywords Electric vehicle · Sustainable development · Energy policy · The
Greater Bay Area · Green finance

1 Current Status Quo of EV Technology Development

Electric vehicles are not exactly new things. It has been more than a century since
the first small-scale electric vehicle was invented. However, in the 1920s, with the
discovery of enormous quantities of crude oil all over the world, gasoline prices
quickly fell to affordable levels, and the construction of infrastructure such as roads
and gas stations improved, making fuel vehicles more cost-effective. Since then,
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no major breakthroughs have been made in battery and cruising technologies [1].
Consequently, electric vehicles have gradually lost their comparative advantages
and have been overtaken by fuel vehicles with internal combustion engines.

After entering the second half of the twentieth century, and after two large market
shocks in the oil industry, the auto market and the public began to focus on new
energy vehicles. This change has been led by electric vehicles. As a result of poorer
air quality since the 1990s, more and more people have examined the possibility
of introducing commercial electric vehicles into our transportation system [2]. New
products with lower emissions, greater efficiency, and even zero emissions have been
under research and development. Under the influence of a variety of factors such
as the continuous rise of global oil prices and the increasingly strong demand for
environmental protection in the 2010s, the commercialization of electric vehicles has
once again been put on the agenda by governments andmajor automobile companies.

One major difference between a fuel car with an internal combustion engine
and an electric vehicle is the powertrain system. The fuel car’s own powertrain
system consists of the engine assembly, the gearbox assembly, and the fuel tank. The
powertrain system of the electric vehicle is powered by the battery pack. The motor
and the electric control system are designed so that the power battery pack replaces
the fuel tank, the drive motor replaces the engine, and the electric control system
replaces the gearbox [3]. There are now a large number of manufacturers of these
electric vehicles worldwide. In this paper, we have selected three typical examples
from China, Japan, and USA for a brief overview.

InChina, BYD started business in the batterymarket and has a solid background in
lithium iron phosphate battery technology. In 2008, BYD launched the F3DMwith a
lithium iron phosphate battery. The F3DMwas theworld’s first plug-in hybrid vehicle
with a top speed of 150 km/h [4]. The 100-km cruising range was also achieved in
pure electric mode, and it set a world record at that time.

At the end of 2010, after nearly ten years of research and development, Nis-
san launched its pure electric vehicle, the Leaf, equipped with a lithium manganese
battery. The first-generation Leaf had a cruising range of 160 km. Its lithium man-
ganese battery with a capacity of 24 KWh was provided by NEC and Nissan’s joint
venture—AESC. The energy density reaches 140 wh/kg [5].

In the USA, Tesla launched the iconic electric racing car Roadster in 2008, and
the Model S, a luxury sedan equipped with a ternary battery (nickel–cobalt–alu-
minum/NCA), in 2012. The Model S can reach a top speed of nearly 200 km/h. Its
ternary battery is supplied by Panasonic and has an energy density of 170 Wh./kg,
with a battery capacity of 85 KWh [6]. It can achieve a cruising range of nearly
500 km.

The key factor for the realization of innovative electric vehicles is the development
of battery technology. It is predicted that the large-scale commercialization of all-
solid-state batteries might not be realized until 2025–2030, or even later. In addition,
we can be fairly sure that technological changes in high-efficiency drive systems will
occur in the next five years, that is, the motor drive system will become faster, more
efficient, and achieve greater miniaturization.
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The history of technological progress of electric vehicles is also a history of power
batteries products. By comparing the representative models of those three electric
vehicles, we can see that the development and application of new battery materials,
energy density, and cruising range have been improving over time throughout the
industry.

The battery mainly includes five performance indicators: energy density, safety
performance, cycle performance, high and low temperature performance, and cost.
Among the currentmainstream cathodematerials, lithium iron phosphate has the best
safety performance, cycle performance, and lowest cost, but has a poor low temper-
ature performance and low energy density; lithium manganese is relatively safe in
terms of safety performance, cycle performance, and cost [7]. However, poor high
temperature performance and low energy density are drawbacks; ternary materials
are relatively poor in safety and high in cost, but energy density is higher than the
other two materials. Due to the passenger car’s requirements for cruising range, the
current ternary materials, especially the high-nickel ternary, are increasingly favored
by the industry, and the market share continues to increase.

2 Overview of EV Promotion Policies in the UK and USA

As early as the 2000s, developed countries such as the USA and those in Europe
had begun to vigorously promote the development of new energy vehicles and had
launched a series of policy incentives to promote the construction, sales, and use of
new energy vehicles. In fact, the concept of new energy vehicles was first proposed
decades ago.

In 2009, the UK introduced the ULEV Strategy to promote the nationwide use
of ultra-low emissions vehicles, especially new energy vehicles. The details of this
program were completed in 2013 [8]. The significance of the plan was to lay a
solid foundation for the infrastructure construction of new energy vehicles. As we
know, the promotion of new energy vehicles is often subject to the progress of basic
design and construction such as charging equipment. The ultra-low emission vehicle
program provides policy guidance for infrastructure construction across the UK,
including charging stations and peripheral support settings. In London, for example,
it is expected that more than 6,000 charging piles will be completed by the end of
2019.

Further to this, theBritish government proposed in the air quality planpromulgated
in July 2017 that it would completely end the primary market sales of traditional fuel
vehicles by 2040 [9]. In October of the same year, the Ministry of Commerce and
the Ministry of Energy promulgated the Clean Growth Plan [10], promising that the
government will spend around a billion pounds to promote the market share and
actual utilization rate of new energy vehicles. Furthermore, the British government’s
ClimateChangeCommittee proposed in January 2018 that theUKcompletes the goal
of ensuring at least 60%of new cars on the road in 2030 areULEVs. The development
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of the new energy automobile industry in theUKhas received unprecedented political
and economic support.

In the USA, various state governments have also introduced different policy sup-
port and economic incentives, including estimates of infrastructure facilities, tax
incentives, and subsidy incentives. These tend to be most prominent in coastal cities
along the West Coast. According to the International Clean Energy Transportation
Committee research report [11], as of the end of 2017, more than 200 cities and
regions in the USA had begun to popularize new energy vehicles, including hybrid
vehicles. This policy support and the economic incentives that go with it are even
greater than in the UK.

More importantly, European scholars have proposed a policy system for the estab-
lishment of comprehensive new energy vehicles and related infrastructure networks.
British scholar Benjamin K. Sovacool [12] pointed out that a combination of auto-
motive technology networks and social science research, from the perspectives of
technology, culture, and society, was necessary in order to accelerate the process of
consumer acceptance of new energy vehicles. Swedish scholar Zeinab Rezvani and
his colleagues have tried to find out why new energy vehicles have not been widely
covered so far in terms of consumer behavior habits [13], consumer rational analysis,
environmental attitudes, and living habits. It seems likely that consumer acceptance
of new energy vehicles is a gradual and long-term process. The quarterly research
report of the internationally renowned consulting firmMcKinsey [14] pointed out that
the penetration rate of new energy vehicles in international metropolises is gradually
increasing, and that future market prospects are becoming more extensive.

3 EV Promotion Policy in the GBA of China

The industrial policy changes of China’s new energy vehicles can be roughly divided
into three stages, namely the government’s macro-strategic planning (2001–2006),
the establishment of industry access rules and comprehensive subsidies (2007–2015),
and the post-subsidy stage (2016–the present).

In the first phase, the technical route of new energy vehicles has not been fully
determined. The focus for a large number of countries in the world is on hydrogen
fuel cells, and China is no exception. At this time, there are not many government
policies. Most of the policies are macro-strategic guiding policies, focusing on the
planning and development goals of new energy vehicles. For example, in 2001, China
launched the “863 program of electric vehicles” and planned to build the three ver-
tical and three horizontal new energy vehicle’s development layouts [15]. In 2004,
the National Development and Reform Commission issued the “Automobile Indus-
try Development Policy,” which highlighted the development of environmentally
friendly technologies and electric vehicle technologies for sustainable development
[16]. In 2005, the central government introduced measures to optimize the structure
of the automobile industry, promote the development of clean vehicles and electric
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vehicles, and outline the development goals of electric vehicles over the next 25 years
[17].

In the second phase, China’s new energy vehicles havemademajor breakthroughs
in key technologies. Since 2007, China’s independent research and development of
pure electric, plug-in hybrid and fuel cells of new energy vehicle products has pro-
gressed. At the 2008 Beijing Olympic Games, the Ministry of Science and Tech-
nology organized relevant domestic automakers to provide a concentrated display
and use of about 500 new energy vehicles for various types of energy-saving at the
Olympic Games. This opened the first year of new energy vehicles in China. At this
stage, the government’s policies began to be refined, the industry’s access conditions
and corresponding norms and standards were established, and a series of financial
subsidy policies were gradually introduced, laying a solid foundation for the industry
to follow.

Since November 2007, the “New Energy Vehicle Production Access and Man-
agement Rules” have officially begun to be implemented in China. These rules make
specific provisions for the definition of new energy vehicles, the qualifications of
new energy vehicles, the conditions for production access, and the requirements for
reporting. In 2009, the government issued the first subsidy policy for energy-saving
and new energy vehicles, thereby subsidizing these vehicles in the public service
sector. In 2010, the government subsidized the private purchase of new energy vehi-
cles and subsidized them at the rate of 3,000 yuan per KWh. The maximum subsidy
for plug-in hybrids was 50,000 RMB per EV car, and the maximum subsidy for pure
electric vehicles was 60,000 RMB per car [18].

After the Chinese government began to subsidize new energy vehicles in 2009
and 2010, the domestic electric vehicle market began a more vigorous development.
In 2011, domestic EV sales were only 8000 units, while sales growth in 2016 had
reached 336,000 units. This accounted for nearly 45% of the global share, surpassing
theUSA tobecome theworld’s largest electric vehiclemarket [19]. 2014 is considered
to be the breakout year for domestic electric vehicles. In 2015, it ushered in a full-scale
upsurge in the industry. The main reason was that the development of new energy
vehicles in China was lower than expected in 2010-2013, in order to complete the
“Energy Conservation and New Energy Vehicle Industry Development Plan 2012.”
The target for the production and sales of pure electric vehicles and plug-in hybrid
vehicles (including passenger cars and special vehicles) is 500,000 units by year
2020. The government introduced a number of policies in 2014 to further support
the development of the industry. As a result, the industry has experienced explosive
growth. The decline in subsidies has been delayed, and the list of cities to be promoted
has increased, following the example of the Greater Bay Area.

In November 2016, the State Council issued the “13th Five-Year Plan” strategic
emerging industry development plan. The plan has proposed that by 2020, the annual
production and sales of new energy vehicleswill exceed 2million, and the cumulative
production and sales will exceed 5 million. The overall technical level will keep pace
with that internationally. Finally, a group of internationally competitive new energy
vehicle producers and key components enterprises will be formed.
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In the third phase, the state made a series of adjustments to the subsidy policy,
including investigating the fraudulent behavior of some car companies, differentially
adjusting the subsidy range of passenger cars and special vehicles, and introducing a
long-termmechanism such as “double points” to guide transformation and upgrading
of car companies.

From the results of domestic EV sales, we could observe that sales of pure electric
vehicle increased from 5600 in 2011 to 257,000 in 2016, nearly 50-fold in five years.
The sales of plug-in hybrid vehicles increased from 2600 in 2011 to 79,000 vehicles
in 2016, an increase of around 30-fold. In general, BEV has achieved a faster growth
rate than PHEV, and the proportion of BEV’s total sales has remained at around 70%
[20].

Regarding the passenger car, in addition to the subsidy range of the post-subsidy
era, the policy has adjusted the subsidy amount for different cruising ranges. In
2016, the subsidy value of the high cruising range was greater than that in 2015. The
subsidy policy aims to encourage further development of high cruising ranges and
high energy density.

After the accumulation of the past three five-year plans, China’s new energy
vehicle industry has grown from scratch and has made significant progress in key
components, e.g., vehicle integration technology, technical standards, testing tech-
nology, and demonstration operations. Powertrain control, drive motor, and power
battery are the three key components for strategic research and development.

At present, the policies and regulations on new energy vehicles in mainland China
are mainly issued jointly by the National Development and Reform Commission, the
Ministry of Finance, the Ministry of Science and Technology, the Ministry of Indus-
try and Information Technology, and the Energy Bureau. The policy and planning
statistics that havemajor direct impacts on the development of new energy vehicles in
the Greater Bay Area of Guangdong, Hong Kong and Macau are shown in Table 1.
The table also contains comparative analysis of the key parts of each policy. The
analysis focuses on the actual impact and application of the Greater Bay Area in
Guangdong, Hong Kong, and Macau.

The governing bodies of the Greater Bay Area have always attached great impor-
tance to the construction of an ecological civilization and the scientific path to a
low-carbon and sustainable development. “It is necessary to have Jinshan Yinshan
and green water and green mountains.” In fact, Guangdong Province, especially the
Greater Bay Area has been at the forefront of the development of new energy vehi-
cles. A number of important scientific and technological breakthroughs began life
here.

4 The Increasing Trend of EV Penetration in the GBA

The Provincial Development and Reform Commission of Guangdong Province has
pointed out that Guangdong will fully implement the national development strategy
for the promotion and application of new energy vehicles (GDRC 2010). It is effec-
tively alleviating energy and environmental pressures, and the relevant departments
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Table 1 Brief summary of key policies for EV promotion in 2017 and 2018

Category Policy Authorities Summary

Guideline “Medium and
Long-term
Development
Plan for
Automobile
Industry” [24]

Ministry of
Industry and
Information
Technology
(MIIT),
Development
and Reform
Commission
(DRC),
Ministry of
Science and
Technology
(MST)

By 2020, to build several domestic
automobile companies into the world’s
leading new energy auto companies, and to
increase their global market share.
By 2025, to build a top-tier smart network
for new energy vehicles

“National
Guideline for
Vehicle
Network
Construction
and Industrial
Standard
System” [23]

MIIT Actively build a new generation of
intelligent networked vehicle standard
systems, to support functions such as
assisted driving and automatic driving;
independent research and development of
safety standards, and communication
standards

Tax “PR China
Vehicle
Purchase Tax
Law” [27]

Ministry of
Finance (MoF),
Taxation
Bureau (TxB)

For eligible new energy vehicles, the vehicle
purchase tax will be exempted or reduced.

Subsidy “Notice on
Liquidation of
New Energy
Vehicle Subsidy
Funds in 2016”
[21]

MoF, MIT,
DRC

New energy vehicles purchased by
non-individual users may also apply for
subsidies, which require a cumulative travel
of over 30,000 km. Subsidy standards and
technical requirements are implemented on
an annual basis in accordance with the
driving permit

Facilities “Guidance on
Promoting
Energy Storage
Technology and
Industrial
Development”
[26]

MoF, Energy
Bureau (EnB),
MIIT, DRC,
MST

Multi-angle to promote the construction and
development of supporting infrastructure
for smart charging, power batteries, and
communication base stations of new energy
vehicles. Improve battery life cycle
management, give power battery gradient
use, and improve energy efficiency

Standards “Promote the
development
plan of the
automotive
power battery
industry” [22]

MoF, MIIT,
DRC, MST

Improve the quality of new energy vehicle
batteries, research and promote the
application of a new generation of
lithium-ion automotive power batteries;
develop and test new battery systems with
chemical principles

(continued)
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Table 1 (continued)

Category Policy Authorities Summary

“New energy
vehicle
manufacturing
enterprises and
product access
management
regulations”
[25]

MIIT Increased access thresholds for new energy
vehicles in research and development,
design, production, sales, after-sales, safety,
etc., and strengthened regulatory
requirements

of the province and relevant enterprises are closely cooperating to actively promote
the development of the new energy automobile industry. Supporting facilities for
electric vehicles have also been vigorously developed, and the overall construction
is in good condition.

According to China Electric Vehicle Charging Infrastructure Promotion Alliance
statistics, as of the end of 2017, the number of new energy vehicles in the country
exceeded 1.7 million, and Guangdong Province had produced more than 200,000
new energy vehicles, accounting for about one-eighth of the country. There are now
214,000 public charging piles in the country. There are about 690 charging stations
in the province, 38 intercity charging stations, and more than 60,000 public charging
piles. The total number of charging piles is over 80,000, and the ratio of pile to
truck is as high as 1:2.4, far exceeding the national average. New energy vehicles are
mainly concentrated in the Pearl River Delta region. As a consequence, the charging
facilities in the Pearl River Delta are being rapidly developed, accounting for more
than 90% of the province’s charging facilities [28]. This basically meets the needs
of charging and replenishing electric vehicles in Guangdong Province.

According to the statistics of the Hong Kong Trade Development Council, the
GBA has a land area of about 55,904 km2 and a population of nearly 70 million [29].
The regional GDP is about 1513.4 billion US dollars, and the per capita GDP is more
than 20,000 US dollars. If we compare it with the New York metropolitan area and
the Tokyo bay area of Japan, we see that the land area, population share, total GDP,
and even per capita GDP of GBA are higher than the New York metropolitan area
and the Tokyo bay area. The economic development and future potential of GBA is
tremendously encouraging.

Trend 1: Public vehicle first

Zhuhai government has established a pioneer project at one bus charging station on
Haihong road. The bus charging station was put into operation in October 2016.
According to data obtained, in 2017 the electric vehicle charging capacity of Zhuhai
Power Supply Bureau accounted for 70.3% of the electric vehicle charging capacity
within the Guangdong power grid, of which electric bus charging accounted for the
majority [30].

At present, all parts of Guangdong are accelerating the promotion of electric
buses. “Implementation Opinions of the General Office of the People’s Government
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of Guangdong Province on Accelerating the Promotion and Application of New
Energy Vehicles” has pointed out that the proportion of renovated or newly added
pure electric buses in the Pearl River Delta region shall not be less than 90% by 2020.
It is required to effectively realize the large-scale and commercial operation of pure
electric buses.

In addition to buses, Shenzhen is also targeting other vehicles such as taxis. The
charging frequency of private cars is not high. Themain application scenarios such as
communities and units are still small. However, electric taxis can drive the cultivation
of the public charging market more than private electric cars. Currently, Shenzhen
has promoted 16,359 new energy buses, which are 100%purely electrified, except for
emergency transportation capacity. The number of pure electric taxis now exceeds
13,000, and the pure electrification rate is 65%. A total of about 40,000 charging
piles have been built [31].

Trend 2: Striving for innovations

Guangdong government has published the “Electric Vehicle Charging Infrastructure
Planning (2016–2020)” which states that by 2020, Guangdong Province will build
1490 centralized charging stations and build about 350,000 decentralized charging
piles, totaling about 410,000 in the province. A large-scale charging network for elec-
tric vehicles will be realized, and the electric vehicle will be able to travel smoothly
through the Pearl River Delta.

Shenzhen has built China’s first pilot project of “Smart Parking+ Charging Inte-
gration” roadside charging piles. This “parking + charging” mode not only solves
the car owner’s cruising range anxiety, but also helps to balance the grid load and
avoid the impact of large-scale centralized charging on the power grid.

The Shenzhen government has transformed one power substation at Lianhua
Mountain into a multi-functional green “change + charge” power station, which
covers an area of more than 3000 square meters. In addition to the original substa-
tion, the roof has also been transformed into a photovoltaic power generator. This
can satisfy the fast-charging demand of 720 electric vehicles in one day.

Despite the development of charging facilities in recent years, the land issue is still
themost difficult issue restricting the development of charging facilities. In particular,
the legal use of land is still facing significant problems, and illegal construction is not
uncommon. For example, in terms of bus charging facilities, there is no independent
planning land for bus charging stations, most of which are built on non-state-owned
temporary land. The huge gap in bus stations directly restricts the construction of
new energy bus charging facilities. This makes it difficult for charging stations to
meet daily charging and maintenance needs.

In terms of social charging facilities, the existing building parking lots and public
parking spaces are limited, and there is a contradiction between the construction of
charging facilities and the use of existing parking spaces. The operating income of
charging facilities is problematic to achieve, which makes it difficult to fully cover
the construction of charging facilities in the short term.
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Trend 3: A long road ahead

New energy vehicles have not yet been widely accepted by individual consumers.
An effective commercial charging facilities’ operation is still being developed. The
utilization rates and return rates of most public charging facilities are low, which
affects the enthusiasm of operators for investing in the required infrastructure.

In order to standardize the planning, construction, and operational management
of charging facilities and to promote the use of electric vehicles, the province has
formulated detailed measurements in accordance with the principles of “appropri-
ate advancement, reasonable layout and regional differences.” Guangdong Province
Expressway Charging Infrastructure Planning and Construction Plan (2018–2020)
requires that by 2020, the province’s trunk highways (all highways except the city ring
road and expressway) will be “fully charged.” New expressway service areas should
be equipped with fast-charging piles, and reserved charging facilities’ interfaces
should be present at a ratio of not less than 50% of the total number of parking spaces.
Relevant standards are included in highway design and acceptance specifications.

In 2017, Guangdong Power Grid established the Guangdong Electric Vehicle
Charging Infrastructure PromotionAlliance to expandmore than 50 influential enter-
prises in the industry, promote industry standardization, and build a provincial-level
electric vehicle charging service via an “easy-to-charge” app on mobile phones.

The Provincial Development and Reform Commission has also made it clear that
the role of the provincial charging facility alliance should be fully utilized. Expanding
the influence of the charging facility alliance, and building a public information
intelligence service platform, should further realize interconnection and interaction,
and improve the level of charging services.

It has been found that the proportion of plug-in hybrid vehicles in the entire new
energy vehicle market is increasing. In fact, compared with pure electric vehicles,
plug-in hybrid vehicles can better balance mileage anxiety with the cost of pure
electric vehicles and can improve the efficiency of traditional internal combustion
engines. The energy efficiency of the entire vehicle is improved, and the battery usage
reduced. This further reduces the vehicle weight and vehicle costs.

In the GBA, each city has its own strengths. The economic advantages have
complemented each other and created huge business opportunities. For example,
Guangzhou, Foshan, and Dongguan have always been important manufacturing
bases, while Shenzhen has had the advantages of high-endmanufacturing, innovative
technology, and information technology industries; Hong Kong is world-renowned
for global finance, international shipping, and offshore asset management; Macau is
a popular tourism and leisure center. The complementary advantages and common
development of each city have created tremendous economic growth momentum in
the past decades.

These macro-economic conditions have provided a fertile soil for the rapid devel-
opment of new energy vehicles in Guangdong, Hong Kong, and Macau. As far as
Hong Kong is concerned, the number of new energy vehicles has grown rapidly over
the past eight years, from less than 100 vehicles in 2010 to 11,345 vehicles in Octo-
ber 2018 [32]. At present, there are about 83 types of new energy vehicles that have
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been approved for driving in Hong Kong, including 58 private cars and 25 public
and commercial vehicles.

An important reason for the rapid development of new energy vehicles in Guang-
dong,HongKong, andMacau is the provision of convenient and fast-chargingdevices
and extensive infrastructure coverage. In Hong Kong, for example, CLP Holdings
Limited and Hong Kong Telecommunications Co., Ltd. jointly established an equity
joint venture, Smart Charge (HK) Limited, in August 2016 to actively promote one-
stop smart charging services for new energy vehicles in Hong Kong. It covers a num-
ber of residential, office, and public facilities throughout the territory. The charging
service can be electronically paid through Hong Kong Telecom’s mobile wallet for
the convenience of the public.

Tax relief is another important reason for the rapid development of new energy
vehicles in the Greater Bay Area. Take Hong Kong as an example. In the past few
years, the HKSAR government has been implementing a full reduction of the first
registration tax on new energy vehicles. This policy provides great encouragement
and support for citizens to purchase new energy vehicles. At the same time, the
Hong Kong Special Administrative Region government has taken into account the
sharp increase in the number of private cars. It decided that this policy would expire
on March 31, 2018, and the upper limit would be reduced to HK$97,500. However,
taxes on commercial new energy vehicles andmotorcycles have been retained. These
items will be reduced in March 31, 2021. On the other hand, the HKSAR govern-
ment has introduced a “one-for-one” scheme, in which eligible existing car owners
purchase new energy private cars and destroy their eligible old private cars at the
same time. This will result in higher first-entry tax deductions. The highest amount
is HK$250,000. This policy is expected to further promote the penetration rate of
new energy electric vehicles in Hong Kong.

In addition tofinancial subsidies, the government has also introduced a series of tax
incentives for consumers and car companies, including the purchase of pure electric
vehicles, plug-in hybrid cars exempt from vehicle purchase tax, and the sale of new
energy vehicles. The VAT rate for parts and components has been adjusted to 13%.
In addition to cooperating with the introduction of subsidies, local governments have
also used a series of non-financial incentives such as unlimited licenses to encourage
consumer to purchase new energy vehicles.

Apart from private cars, new energy public operating vehicles, such as electric
buses, can also be seen as one of the future development directions of Guangdong,
Hong Kong, and Macau. The HKSAR government started to promote electric buses
in 2012. At present, it has subsidized the franchised bus companies to purchase
36 single-decker electric buses and has already carried out trial operation on vari-
ous routes in Hong Kong. According to the public information of the Guangdong
provincial government, as of the end of April 2018, there were 56,000 pure elec-
tric operating vehicles in Guangdong Province; and in 2017, new energy vehicles
accounted for more than 95% of the new and updated public buses in the province.
The Guangdong Provincial Department of Transportation plans to implement com-
plete bus electrification in the Pearl River Delta city by 2020. The booming electric
buses have also provided a new engine for economic growth in the GBA.
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5 A Positive Contribution in Sustainable Energy and Green
Finance for the GBA

At the end of 2015, “green finance” was included in China’s “13th Five-Year Plan,”
which clearly outlined the establishment of a green financial system, including the
development of green credit, green bonds, and the establishment of a green devel-
opment fund [33]. In August 2016, the seven ministries and commissions including
the People’s Bank of China issued the “Guiding Opinions on Building a Green
Financial System,” marking the official formation of China’s national strategy for
building a green financial policy framework. In June 2017, the State Council exec-
utive meeting decided to select places in Zhejiang, Jiangxi, Guangdong, Guizhou,
and Xinjiang to develop a green financial reform and innovation pilot zone. The aim
is being to conduct pilot exploration for the full implementation of China’s green
finance. The development of the green financial system officially entered the stage
of implementation.

InAugust 2017, the central government approved the “GuidingOpinions onBuild-
ing a Green Financial System,” pointing out that the development of green finance is
an important measure to achieve green development and an important part of supply-
side structural reform. At the same time, they encouraged use of green credit, green
bonds, green stock indices and related products, green development funds, green
insurance, carbon finance, and other financial instruments and related policies to
serve green development.

China actively promotes the issuance of green bonds in the international market
and has caused the global green bond market to flourish. In 2016, the issuance of
green-labeled bonds in theChinese bondmarket exceeded 200 billion yuan.Account-
ing for nearly 40% of the global circulation, it has become the world’s largest green
bond market.

In the GBA, the macro-economic foundations of green finance have been well
established. The GBA has consistently maintained a stable inflation rate in the past
few years, much better than other regions of China. The education level of the popu-
lation is generally high, and the unemployment rate has been at a low level for several
consecutive years. In addition, its economic development has grown steadily, espe-
cially in innovative industries and services named as “new economic businesses.”
It is particularly noteworthy that the financial situation of many cities in the GBA
is good enough to support the overall future development of the economy and can
provide precious opportunities in the region.

In the past a few years, the GBA has successively promoted large-scale multi-
dimensional cooperation platforms such as the districts of Nansha in Guangzhou,
Hengqin in Zhuhai, and Qianhai in Shenzhen. The formation of new economic sys-
tems has been accelerating and is represented by innovative service industries. At the
same time, the GBA has also effectively promoted the cooperation and development
between the GBA and other mainland regions, especially for financial industries,
providing convenient conditions for the economic development in both industry and
capital markets.
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In order to undertake research work in the area of green finance, there are great
challenges in terms of data measurability and accountability.

At present, many scholars have emphasized the need to improve three aspects of
green financial standards. First, there is a lack of consistency in standards for green
bonds from the three rule makers—the Bank of China, the National Development
and ReformCommission, and the exchange. Secondly, the standards of various green
bonds are not completely consistent with the standards of green credit, resulting in
assets identified as green credits not being able tomatch the greenbond standards after
securitization. Thirdly, domestic green bond standards are not completely consistent
with international standards.

Therefore, we really need a new way to measure the “green value” of each eco-
nomic activity to measure the degree of “greenness.” Only when it can be accounted
for and measurable, can it be recognized by the international community. It can then
avoid regulatory arbitrage in domestic operations, so that the incentives and restraint
measures discussed by all parties can be implemented.

The international research paradigm in dealing with global climate change is
worth studying. Since natural science research shows that carbon dioxide is the
largest greenhouse gas, carbon emission reduction is the primary goal. All economic
activities therefore have a corresponding carbon emission level or carbon neutral
level. This is used to measure the environmental impact.

It is difficult to rely only on commercial activities to reveal the variables that
can be used to measure the degree of “greenness.” Relying on economics or finance
research is the correct path, yet requires enormous amount of work. It requires a
degree of interdisciplinary integration.

Nowadays, the commercial costs of undertaking green finance business are very
high. It is difficult to evaluate green measures. Thus, obtaining “green value” from
the output will engender a lot of uncertainties and risks. Those risksmay affect public
welfare. It is necessary to identify the degree of environmental protection of each
enterprise in a relatively transparent environment. This kind of financial reporting
system will also provide convenience in disclosing information.

At present, China has become one of the world’s largest green debt issuers, and
the types of green financial products are quite complex. China’s economy is shift-
ing toward greener development, and governments at all levels are very active in
institutional innovation for green development [34]. All of these provide a rare his-
torical opportunity for our academic community to conduct original research on
green finance.

In June 2017 Guangzhou government established a Green Finance Reform and
Innovation Pilot Zone in Huadu District. Over the past year, the Municipal Financial
Bureau and Huadu District have closely focused on four major areas, namely the
experimental field of green financial reform and innovation; the demonstration zone
of coordinated development of green finance and green industry; the new platform
for cooperation and development of the GBA; and the assistance of the construction
of the “Belt and Road.” They aim to firmly grasp the main line of green financial ser-
vices in terms of real economic development, to vigorously promote the innovation
of green financial mechanisms, and to improve the ecological environment of green
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finance development. Up to now, the green financial zone has helped establish 151
green institutions with a registered capital of 6.9 billion yuan. Several world-class
enterprises have set up pioneering projects in the zone, such as CLP andNissan. They
are developing new energy vehicles and intelligent network automobiles, with strong
financial resources and support from strategic emerging industries. The green finan-
cial zone also actively promotes green travel and enables financial leasing companies
to provide green financing services for one hundred electric buses under operation
in Huadu district. The green financial zone strives to fully realize bus electrifica-
tion in Huadu district in the near future and is considering the construction of green
buildings during the process of regional development and urban renewal.

The development of green finance has long-term characteristics. As an institu-
tional arrangement, the green financial system mainly supports economic greenifi-
cation through financial credit, green bonds, green stock indices and related prod-
ucts, green development funds, green insurance, carbon finance, and other financial
instruments. Its occurrence, development, and maturity will require a long process
of gradual development.

6 Future Challenges

In future, the Great Bay Area of China is likely to strengthen its links with the
mainland industry and achieve strategic goals in economic cooperation between
Hong Kong andMacau and theMainland. It is expected to maintain steady economic
growth and to build a green and healthy sustainable development zone. At the same
time, the GBA has a unique geographical location and certain legal advantages. For
example, Hong Kong has a key role as an important international shipping center. It
is a global economic exchange for “Belts and Roads” Initiatives, and a hub to “go
global” for Chinese enterprises. The GBA will take a leading role in the “National
Manufacturing 2025” and other national plans as well.

Challenge 1: Cost of production

In October 2017, UBS released a report on consumer acceptance of electric vehicles
[35]. The report selected consumers from the world’s major auto markets as the
survey targets, and finally found that most consumers prefer cars with pure electric
engines rather than “electric-fuel” dual mode. Concerns focus on high prices, limited
cruising range, insufficient number of charging stations, and short battery life.Among
these concerns, the high price is the primary reason why most people are not willing
to buy electric cars.

A survey conducted by Goldman Sachs in 2016 also found that 50% of consumers
believe that the high price is themain factor affecting the purchase of electric vehicles
[36], followed by limited cruising range and charging facilities.
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Electric vehicles appear as substitutes for fuel vehicles. Similar to the situation
when fuel vehicles began to spread rapidly, the rapid decline in cost through tech-
nological advancement and efficiency improvement has become the primary factor
affecting the popularity of electric vehicles.

Regardless of whether it is an electric car or a fuel car, it is composed of key
elements such as a power system, a vehicle body, a chassis, an automotive electronic
system, and interior and exterior parts; but the cost ratio of each part is not the
same. For pure electric vehicles, the battery and powertrain systems account for up
to 50% of the total cost, while for fuel vehicles, the engine and powertrain systems
account for only 15% of the total cost. This part of the cost structure difference is
the main reason why the current cost of electric vehicles is higher than that of fuel
vehicles. How to reduce costs through technological advancement and scale effect
is the primary problem that the industry needs to solve.

Challenge 2: Cruising range

Under the same external conditions such as vehicle weight and temperature, the
cruising range of the electric vehicle is mainly determined by the battery capacity.
The larger the battery capacity, the higher the cruising range. Under normal cir-
cumstances, the mileage of one-degree electricity is 6–7 km. Therefore, the electric
vehicle needs to achieve a higher cruising range. The amount of energy that can be
carried (i.e., energy density) can also increase overall battery capacity. The core of
the former is the cost issue, and the core of the latter is the technical and material
issues.

In those domestically sold pure electric vehicle in 2018s, the cruising range was
about 300 km, which can only meet the needs of urban traffic or short-distance travel.
A typical fuel vehicle, however, with 40–50 L of fuel tank capacity can usually run
more than 500 km.

Challenges 3: Charging facilities

Although the number of charging facilities in China has increased, it is still unable to
catch up with the rapid growth of electric vehicles on the road. At present, the main
factors restricting the construction of charging facilities include long power access
period, high cost, difficulty in installingmeasurementmeters, tight urban land supply,
and difficulties in site selection. In addition, private construction of charging facilities
also faces some other problems, such as construction quality, reporting standards,
and auditing issues. The filing process is extremely time-consuming. In terms of
charging operation services, there are also technical challenges like interconnection
of online payment system, switching between new and old systems, payment safety
issues, etc. Currently, it is difficult for private enterprises to make profits through
investing in charging stations.

Since some cities have established strict licensing regulation, allowing only new
energy vehicles to be licensed free of charge, the drivers of electric vehicles are
mainly concentrated in first- and second-tier cities. Those cities are also under vehicle
purchase restrictions, such as Beijing and Shanghai. However, for these first-tier
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cities, there is awidespread shortage of parking spaces. Fixed parking spaces are often
the prerequisite for the installation of charging piles in urban residential quarters.
These could fulfill the charging needs of more than half of the electric vehicles
in Beijing, Shanghai, and other cities. Owners still have to rely on public parking
charging facilities.

As for the third- and fourth-tier cities, electric vehicles are currently sold less
and are mainly low-speed vehicles. Most of these electric vehicles use lead–acid
batteries as the power source. They do not support fast charging, and their electric
vehicles generally have independent garages. Therefore, public charging piles or
special charging piles built in third- and fourth-tier cities are not considered profitable
at the current stage.

The development of the whole industrial chain for new energy vehicles can not
only effectively utilize the technological innovation advantages of the GBA, but
can also promote the employment and cultivation of high-tech talents. Infrastruc-
ture and transportation facilities are among the most important types of investment
in economic exchanges and cooperation between countries and regions along the
“Belts and Roads” Initiative. New energy vehicles could meet the requirements of
such investment cooperation. At the same time, “Made in China 2025” also puts
higher requirements on the production design capabilities of new energy vehicles.
The innovative design and production capacity of new energy vehicles in the GBA
has been greatly improved. Great progress in important areas such as new energy
vehicle charging and discharging technology, battery safety management models,
and a combination of electric vehicle and power grid technology need to be achieved
in future.

The GBA will continuously attract high-tech talent to create scientific and
technological values and realize the combination of production, education, and
research.

From a technical point of view, another reason why new energy vehicles can be
generally accepted by Hong Kong and Macau is that the land area of Hong Kong
and Macau is not large, and the cruising range of new energy vehicles is sufficient
to meet the daily needs of users in Hong Kong and Macau. With the development of
innovative battery technology for new energy vehicles, the cruising range continues
to increase. In addition, the charging facilities and related infrastructure in the GBA
are well prepared. However, the standardization of charging devices and related
infrastructures needs to be unified as much as possible in the future, in order to
provide an important basis for the further popularization of new energy vehicles in
Guangdong, Hong Kong, and Macau.

Finally, the GBA has a solid market economy and financial industry foundation.
Future policy-makers may consider setting up an innovation development fund to
encourage innovative high-tech industry research works. Such funds may be jointly
established and managed by the government, new energy companies, and finan-
cial institutions. The government could encourage high-tech industry to innovate in
science and technology, to combine production, education, and research by inject-
ing seed funds. All those suggestions are closely related to talent and intelligence
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exchanges. The GBA could also consider strengthening exchanges between the vari-
ous places, encouraging Hong Kong andMacau to invest in Guangdong, and encour-
age high-tech people from theMainland to study and do exchanges inHongKong and
Macau. Mutual investment would therefore be established. By exploring the devel-
opment space of start-ups and small-to-micro enterprises, youth entrepreneurship
and employment rate in the GBA would be largely promoted.
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Analysis of Economic Benefits
of the Energy Internet and Its
Facilitation of Green Development

Jingyan Fu and Shuyao Wang

Abstract The development of the Energy Internet Demonstration Project and the
construction of the smart grid in the Bay Area of Guangdong, Hong Kong andMacao
are to induce measurable economic benefits for the green development of the Greater
Bay Area. Based on the structural characteristics of the Energy Internet, this paper
analyses the development advantages of the smart grid and the current status of
energy development in the Greater Bay Area. Focusing on the Energy Internet’s
energy saving, industrial transformation and environmental economy, key economic
benefits for theGreater BayArea’s green development can be summarized as follows.
First, the Energy Internet can reduce outages and electricity tariffs to achieve cost
savings. Second, it can facilitate the transformation of traditional industries and the
development of new industries while realizing the benefits of industrial upgrades.
Third, the Energy Internet can create environmental and economic benefits through
facilitating high value-added resource conservation, pollution control fund savings
as well as mitigating measures in response to global climate change. To a significant
extent, the technological innovation within the energy sector has positive policy
implications for sustainable development of the Greater Bay Area.

Keywords Energy internet · Smart grid · Economic benefits

1 Introduction

In the face of increasing resource and environmental problems, governments have
to consider massive reform of the energy system. American scholar Jeremy Rifkin
proposed the “Energy Internet” in his book The Third Industrial Revolution (2011).
The “Energy Internet” is a distributed, open and shared network based on renewable
energy, to better cope with issues such as excess energy, inefficiency and environ-
mental pollution. Zhihong and Jian [1], Pourbabak and Chen [2] elaborated on the
operation mode of the Energy Internet’s different energy networks in their research,
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fully demonstrating that the Energy Internet is the only way for future development;
Zhou andYang [3] and others conducted in-depth analysis of the global Energy Inter-
net, analysing its specific characteristics and advantages. In terms of technology cost,
Si and Wang [4] proposed multi-energy management (distributed energy network)
energy complementary strategy, which can achieve themaximum total cost reduction
at the compromise solution point and effectively reduce energy costs. These reduced
costs would achieve a balance between supply and demand while improving social
and economic benefits. Many scholars such as Qi et al. [5] have studied the interna-
tional influence of energy interconnection based on a global perspective and laid a
solid foundation for the development of the Energy Internet.

On 26 September 2015, President Xi Jinping announced at the United Nations
Development Summit that “China is proposing to explore the construction of a global
Energy Internet to promote a global demand for electricity in a clean and green
way”. At the same time, the State Council issued the “Guiding Opinions on Actively
Promoting the “Internet+”Action”, which proposed the concept of “Internet+ Smart
Energy”. In 2016, the 13th Five-Year Plan specifically proposed “constructing the
development of source-network-load-storage” and integrating and complementing
the Energy Internet. China’s Energy Internet began to formally enter the preparatory
stage and released “Promoting “Internet+” Guiding Opinions on the Development of
Smart Energy”. This guidance will promote the development of the Energy Internet
in two phases, pilot demonstrations in the early stage and promotion and application
in the later stage to ensure effective results.

The Energy Internet has also greatly promoted the future development of Guang-
dong, Hong Kong and Macau. On 18 March 2019, China Southern Power Grid
announced that it will accelerate the planning and construction of smart grids in
the Bay Area in the next five years. Energy Internet demonstration projects such as
Guangzhou, Shenzhen andZhuhai are also actively under construction. It is estimated
that the Greater Bay Area power load will reach 1.3 billion kilowatts in 2035, which
requires sufficient power support from the Energy Internet. In the development of the
Bay Area, Guangzhou and Shenzhen, the key industries of science and technology
innovation and large-scale manufacturing have a large electricity demand and need
the Energy Internet to help provide stable transmission of electricity. At the same
time, the Energy Internet has also promoted energy transformation and upgrades.
The use of renewable energy to generate electricity that drives industrial transfor-
mation and upgrade has environmental and economic benefits for low-carbon green
development of the Bay Area.

Although China has made major breakthroughs in Energy Internet and smart
grid construction in the Greater Bay Area, the current theoretical foundations for
smart grid construction in the Bay Area are weak. There are also many technical
and application-level problems such as the Guangdong-Hong Kong-Macao cross-
region. The technical difficulties of transmission and the contradiction between the
imbalance of electricity prices of industrial electricity and residential electricity use
need further research and analysis to achieve balanced and coordinated interregional
development.
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2 Overview of Energy Internet and Smart Grid
Construction in the Greater Bay Area

2.1 Energy Internet Concept and Its Mode of Operation

TheEnergy Internet is basedon the power system.TheUHVgrid is the backbonegrid,
driven by clean energy. It is based on power electronics and ICT systems, decentral-
ized energy storage and energy transmission for centralized or distributed renewable
energy. In addition to the consumption load, an energy allocation platform is formed
to achieve tight coupling and coordinated sharing of energy and information.

As shown in Fig. 1, its mode of operationmainly uses traditional power generation
methods such as wind, photovoltaic, bio-power and others to provide energy sources
and energy big data through a distributed intelligent energy management system
(IEMS). Statistically, the energy of each region is rationally distributed through the
backbone network and the local area network, and finally, the industrial routers
connect industrial, commercial and residential buildings, and energy consumers can
exchange energy and break its one-way flow. The traditional model generates capital
flows, and theEnergy Internet’s informationflowcontrols the flowof energy to ensure
the security and reliability of the entire system. At the same time, the Energy Internet
uses the large power grid as the “main trunk network” and the “micro-network” as
the local area network, so that it can receive the input of new energy to the maximum
extent and output the energy more widely.

Electric energy has great advantages in energy transmission efficiency, so it will
be the core content of future energy interconnection construction. The large power
grid has an unparalleled advantage in terms of transmission efficiency and bears the
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function of the “backbone network”; themicro-grid is a key component of the Energy
Internet is formed through the distribution of local electricity area networks. This
enables the Energy Internet to transform the centralized and one-way grid into an
interactive communication platform for energy, achieving overall optimization and
real-time adjustment of energy production, transmission and distribution and greatly
improving the efficiency of energy development and utilization.

2.2 Greater Bay Area Smart Grid Construction

“First-class construction of the Greater BayArea requires first-class power security”.
On18March 2019,ChinaSouthernPowerGrid issued the “KeyMeasures for Serving
Bay Area of Guangdong, Hong Kong and Macao Development” and proposed 26
specific measures to serve the development of the Greater Bay Area. In 2022, a safe,
reliable, green and efficient smart grid basically will be built; in 2030, a world-class
smart grid will be built.

At present, the current Greater Bay Area power supply situation makes smart grid
construction imperative. Since the mainland and Hong Kong and Macao power grid
interconnection, China Southern Power Grid has gradually increased the proportion
of power supply to Hong Kong and Macao. It is an important subject for mutual
supply of electricity from Guangdong, Hong Kong and Macao. According to its
data, China Southern Power Grid’s electricity consumption for Hong Kong accounts
for approximately 25% of its total electricity consumption, reducing carbon diox-
ide emissions by approximately 27 million tons; electricity consumption to Macao
accounts for 70% of its total electricity consumption, and it transmits electricity to
Macau. The third channel is under construction; the southern region has built an
“Eight Crossing and Direct” west-to-east power transmission channel, and the uti-
lization rates of wind and photovoltaic power generation are all over 99%. The four
large Bay Area cities of Foshan, Dongguan, Shenzhen and Guangzhou have taken
over the mainland. The top four cities have reliable power supply. The construction
of a smart grid will further promote a reliable electricity supply to the Hong Kong
and Macao regions in the Mainland and meet the Bay Area’s electricity demand.

Figure 2 shows the energy situation in HongKong and is an important prerequisite
for accelerating the construction of smart grids. Hong Kong has no local energy
resources and relies mainly on imports. Among them, oil products are the main
imported products and themainland is themain source of supply. In 2018, oil products
accounted for 75.6% of imports and electricity imports accounted for only 3.3%.
However, in thefinal energydemand, electricity demandaccounted for approximately
48% in 2018, which implies a potential cap on Hong Kong’s electricity supply. It is
envisaged that smart grid constructionwill play a vital role inHongKong’s electricity
supply.

According to the smart grid construction and development plan, the power supply
will be greatly satisfied. It is estimated that by 2035, the electricity load of the Greater
BayArea of Guangdong, HongKong andMacaowill reach 130million kilowatts, the
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Fig. 2 Hong Kong’s energy imports and consumption. Source https://www.censtatd.gov.hk/home.
html

total electricity consumption of the whole society will reach 700 billion kWh, and the
per capita electricity consumption will exceed 8300 kWh, which is equivalent to the
sum of electricity consumption of Hong Kong, Macao and Taiwan. This combined
with renewable energy generation and the national Energy Internet should lead to
enhancement of energy interconnection in the Greater Bay Area.

2.3 Analysis of the Advantages of Developing Energy
Internet in the Greater Bay Area

The core of the Energy Internet is to build a network platform that integrates informa-
tion flow, energy flow and capital flow. Until now, pilot projects such as Guangzhou,
Zhuhai and Shenzhen have been gradually carried out and the smart grid project
in the Bay Area has been launched. The complementary advantages between the
Energy Internet and the Greater Bay Area have also begun to gradually unveil.

First, the large number of information exchange bases is conducive to accelerating
the process of power marketization. Major manufacturing enterprises and technolog-
ical innovation enterprises are gathered within the Greater Bay Area, and electricity
demand is large; therefore, the information exchange base is huge. Individuals and
enterprises can grasp their own energy use through network platforms, make rea-
sonable sales decisions on surplus energy and promote the marketization of electric-
ity prices. The government only needs to play a supporting role to avoid regional
electricity price imbalance caused by government pricing, so that it maximizes eco-
nomic benefits. At the same time, power generation companies can query electricity
consumption in real time, adjust production in real time, avoid overcapacity and
strengthen their control of the power supply in the electricity market.

Second, the two-way promotion of the Bay Area and the Energy Internet are
developed together. “Ecological priority, green development” is the basic principle

https://www.censtatd.gov.hk/home.html


134 J. Fu and S. Wang

for the development of the Bay Area of Guangdong, Hong Kong and Macao—it
strives to develop clean energy to replace traditional fossil energy. To increase the
power supply of clean energy in the Bay Area, it is estimated that by 2035, the
proportion of installed clean energy capacity in the Bay Area will reach 80%, which
will promote the clean power generation capacity of the Energy Internet to a certain
extent. The Energy Internet can replace traditional fossil energy such as coal with
clean energy such as photovoltaics, which can effectively reduce the emissions of
carbon dioxide and related atmospheric pollutants and improve theBayArea’s energy
structure.

Third, power stability helps develop the Bay Area industry. Traditional energy
sources use concentrated production and large-scale transmission to deliver energy
to end consumers. Power failures such as outages and outages caused by unstable
circuits are huge. The Energy Internet uses a centralized and distributed energy
network system to support large-scale access to distributed generation and storage
systems. Due to the transmission and distribution efficiency advantages of “backbone
network” and “local area network”, the Energy Internet can easily connect large-
capacity energy storage devices and stable energy output, which helps large-scale
stable power consumption of Bay Area industry and avoids industrial losses due to
unstable circuits.

3 Facilitating Green Economic Development in the Greater
Bay Area

In the development of theGreater BayArea, electricity infrastructure is considered as
a salient area for sustainability planning. In supporting the Energy Internet develop-
ment, China Southern Power Grid Corporation announced the acceleration of smart
grid construction in Guangdong, Hong Kong andMacau, which means that “Internet
+ Smart Energy” is gradually on the right track in the Greater Bay Area development
plan. The Energy Internet boosts the Greater Bay Area’s green development mainly
in terms of cost savings, industrial upgrading and environmental economics.

Figure 3 is a schematic diagram of how the Energy Internet’s green development
mechanism boosts the Bay Area. From the perspective of power generation cost,
the Energy Internet solves the problem of power loss caused by circuit instability
due to long-distance transmission and improves power supply capacity. The power
price decline caused by electricity price benefits further strengthens power use and
supply capacity. In the list of the first batch of “Internet+” smart energy (Energy
Internet) demonstration projects announced in March 2017, there are five projects in
the Greater Bay Area cities, including Zhuhai, Guangdong Province, which supports
the energy consumption revolution. The “+ Smart Energy Demonstration Project”
passed the acceptance test and is the first project to do so. Cities such as Guangdong,
Shenzhen and Zhuhai have become the forerunners of power development in the
Bay Area, providing strong support for its power supply, meeting the electricity
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demand of the Greater Bay Area’s large manufacturing and innovative industries and
requirements for power stability. The level boosts the rapid and quality development
of the Greater Bay Area’s economy.

The Energy Internet’s gradual replacement of fossil energywith renewable energy
has also contributed to the adjustment and upgrading of industrial structure. On the
one hand, it has intensified the overcapacity of the traditional fossil energy industry
and stimulated its technological innovation; on the other hand, the use of renewable
energy has driven the development of a number of emerging industries, especially
electric vehicles. At the same time, the Greater Bay Area is home to various inno-
vative enterprises and technology industries and has great potential and capabilities
in industrial innovation. In addition, China Southern Power Grid proposed the con-
struction of a smart grid in the Bay Area. It plans to invest more than 170 billion yuan
between 2018 and 2022,whichwill stimulate the vigorous development of the renew-
able energy industry and help the Bay Area become a dynamic and internationally
competitive first-class Bay Area.

From the perspective of environmental economic benefits, the Energy Internet
has saved high value-added resources such as land. Especially for the Greater Bay
Area, where land is expensive, the environmental economic benefits of resource
conservation are particularly obvious. Second, Energy Internet construction uses new
energy to generate electricity, reduces emissions of carbondioxide and its coordinated
pollutants, reduces pollution prevention costs and governance funds, and better copes
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with the challenges brought about by climate change. This helps achieve the goal of
building a “quality living circle that is suitable for living and suitable for travel” in
the Greater Bay Area.

3.1 Cost-Saving Benefits

3.1.1 Line Loss Benefit

The distributed energy network transmission mode enhances power stability and can
reduce power loss during transmission, that is, generate line loss benefits. China’s
traditional power generation mode is centralized power generation and long-distance
transmission, and long-distance transmission must lead to power loss. The degree
of loss depends on the length of the transmission line and the degree of congestion
in the transmission path. The relevant data show that the line loss can reach 20%
during the peak power consumption period. The geographic location of the Energy
Internet is distributed close to the end user, which greatly reduces power loss during
transmission. As shown in Fig. 4, in the traditional mode, power loss of high-voltage
power from the transmission network to the load end can reach the entire line. After
distributed energy access, the power is steppeddown, power loss is gradually reduced,
and the transmission stability is gradually enhanced. Referring to the distributed
power generation economic benefit analysis and its evaluation model (Ming 2010),
the line loss model can be used to reasonably design the distributed energy access
and operation mode, which can effectively reduce the system line loss.

For the development of the Bay Area, the distributed grid enhances the stability of
the circuit and effectively reduces the average power outage time for urban customers.
In its “26 keymeasures”, China Southern PowerGrid estimated that the annual power
outage time of central customers in Guangzhou and Shenzhen will be less than 0.5 h
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per year in 2020, for the average annual customer base in Zhuhai, Foshan, Huizhou,
Dongguan, Zhongshan, Jiangmen and Zhaoqing. The power outage time is less than
1 h for the high-reliability power supply demonstration zones such as Guangzhou
Zhongxin Knowledge City, Shenzhen Qianhai and Zhuhai Hengqin. A new district
will be built. The average annual power outage time is less than 5 min, reaching the
leading level of similar international cities. First-class power service will effectively
protect the first-class construction of the Greater Bay Area and create a first-class
social life order.

3.1.2 Electricity Price Benefits

The decline in power generation costs can be considered from two perspectives. On
the one hand, construction of the Energy Internet infrastructure and minimization
of operating costs have led to a continuous decline in average costs. On the other
hand, renewable energy itself has the advantage of generating electricity costs and is
widely used in the Energy Internet. After the promotion, the cost advantage naturally
turns into an economic advantage.

Average power generation cost

The total investment of Energy Internet construction can be divided into capital cost
and operating cost. The cost of capital is the one-time investment in the Energy Inter-
net infrastructure project after implementation of relevant policies in 2016, including
the initial project construction costs. The operating cost is the marginal cost of using
energy such as wind and solar after the initial construction of the Energy Internet
project, including operation and maintenance costs and loan interest. Due to the
Energy Internet project’s long recovery period, the average cost after amortizing
to the annual capital recovery cost is declining. Using the project payback period
method to calculate electricity price, the average power generation cost is declin-
ing; that is, the electricity price will be on a decreasing trend. Taking distributed
photovoltaic power generation in the context of the Energy Internet as an example,
and referring to the calculation of distributed photovoltaic power generation cost by
scholars such as Zou Yuxin and Shi Quansheng, the following formula group can be
established.

Advantages of renewable energy generation

According to the International Energy Agency’s “Global Energy Transformation:
2050 Roadmap” issued in April 2018, the total amount of renewable energymust rise
from 18%of today’s energy consumption to 67% in 2050. In addition, the application
of renewable energy in the power sector should rise from 25% today to 85%, mainly
from wind power and photovoltaic power generation. This requirement has the same
internal appeal as the Energy Internet project, which has vigorously promoted the
technological development of renewable energy utilization. The renewable energy
cost advantage also promotes the economic benefits of the Energy Internet. Although
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renewable energy currently is in the early application stage, the cost advantage of
power generation is not obvious; but according to the learning curve theory and the
expansion of scale benefits, its cost advantage will be obvious in the next few years.
In recent years, data show that renewable energy has entered a virtuous cycle of cost
reduction and accelerated technological progress.

Figure 5 shows the 2010–2017 renewable energy weighted average generation
cost (LCOE, taking into account investment, operating costs and benefits over the
life cycle, including capital costs), calculated at 2016 constant dollar prices. The
blue dot indicates the weighted international average LCOE level. Except for the
slight increase in geothermal power generation and hydropower cost, the cost of
renewable energy power generation continues to decline, especially in photovoltaic
power generation, with an average of 0.36 USD/kWh in 2010, to an average price
of 0.1 USD/kWh in 2017, a decline of 72%. Comparatively, the LCOE cost of fossil
energy power generation in 2017 is approximately 0.05–0.17USD/kWh, and it can be
seen that renewable energy power generation cost has gradually fallen below or close
to fossil energy power generation. Wind power projects also have great potential for
future cost advantages. The main limitation of wind power projects lies in the cost
disadvantage of “West-East Power Transmission” and the transmission restrictions
of power grids. Construction of the Energy Internet can solve the problem of grid
transmission and imbalance of power area, which has great potential for future power
generation cost savings.

Whether or not companies choose to set up bases or subsidiaries in the Bay
Area, electricity prices are an indispensable consideration. Most of the Greater Bay
Area industries are high tech involving a huge amount of information and modern
manufacturing, which are often high-energy industries. Silicon Valley in the San
Francisco Bay Area is home to a large number of high-tech companies, and data
centres such as Microsoft and Google can generate electricity from medium-sized
power plants. The Mitsubishi and Matsushita factories in the Tokyo Bay area also
use a large amount of electricity. Therefore, the electricity price in the Bay Area is
a crucial choice for the company, which also affects the sustainable development of
the Bay Area.
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3.2 Industry Upgrade Benefits

The Energy Internet boosts the energy transformation and upgrade of theGreater Bay
Area mainly through the impact on traditional and emerging industries. The crisis
of traditional industries facing elimination due to high pollution has forced them to
carry out energy technology transformation; emerging industries have taken the lead
in demonstration and effect in the Bay Area due to prosperous development leading
the advancement of industrial technology.

Transformation and upgrading of traditional industries

The traditional industries are mainly labour-intensive dominated by processing and
manufacturing industries. The Pearl River Delta region is a gathering place for tra-
ditional manufacturing industries. In the context of Greater Bay Area development,
traditional manufacturing industries have exposed the disadvantages of insufficient
vitality and high pollution. The impact of the Energy Internet’s development on the
transformation and upgrade of traditional enterprises in Guangdong, Hong Kong and
Macao is mainly reflected in the energy substitution of highly polluting enterprises.

Presently, the Greater Bay Area is still based on fossil energy consumption, and
the proportion of clean energy is not high. It is mainly because of the coal and oil cost
advantage that high-polluting enterprises still use traditional energy production to
maximize profits. According to the 2020 energy consumption forecast data of some
major high energy consumption projects in Guangdong, it can be seen that high-
energy-consuming industries have a greater impact on energy consumption, and this
consumption has an impact on the “13th Five-Year” energy-saving target by as much
as 52%. This explains that it is imperative to save energy and upgrade high-energy
enterprises.

The large-scale application of renewable energy within the Greater Bay Area has
forced high-slung companies to abandon traditional energy and switch to clean and
renewable energy. TheBayArea can take advantage of favourable coastal geographic
advantages, make full use of marine resources, develop offshore wind power, wave
energy, tidal energy, etc., and further expand the use of Energy Internet clean energy.
According to China Southern Power Grid data, in 2018, it sent 217.5 billion kWh
of electricity, a year-on-year increase of 7.2%, and the utilization rate of water and
electricity was 95.6%. The utilization rate of wind and photovoltaic power generation
exceeded 99%. The net non-fossil energy accounted for 51.5% of electricity. With
the construction of smart grids, the proportion of clean energy power generation will
continue to rise, and eventually, the replacement of fossil energy will become the
main mode of energy use.

On the other hand, the incentives and pressures of traditional industries can lead to
transformation and upgrading. The construction of the Energy Internet and the smart
grid in the Bay Area will greatly develop energy transmission technology. Through
the energy-saving mode of contract energy management, energy-saving costs will
reduce enterprise costs and encourage traditional enterprises to save energy and
reduce emissions. At the same time, according to the “Opinions on Innovation and
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Improvement of the Green Development Price Mechanism” issued by the National
Development and Reform Commission in June 2018, the unreasonable price pref-
erential policies for high-energy-consuming industries will be completely elimi-
nated, as will the elimination and restriction categories. Enterprises use electricity to
implement higher prices. High-soil enterprises will face greater pressure to achieve
transformation and upgrades.

Development of emerging industries

Construction of the Energy Internet will promote the development of a series of
emerging industry sectors, which will lead to the overall upgrading of Bay Area
industry. For example, by 2030, electric vehicles will be used on a large scale. It
is estimated that there will be 100 million electric vehicles in China. At the same
time, with obvious peak load conditions, the Energy Internet can effectively avoid
peak load and promote its further development. On the one hand, the Energy Internet
can form a two-way interaction with electric vehicles. That is, electric vehicles can
use power from the distributed power grid or return the surplus power to the power
grid. The two form a strong coupling relationship, effectively avoiding large-scale
charging to the power grid. It can also enhance the reliability and economy of power
transmission and ensure its safe and economic operation.

Shenzhen is the best city in the country for the promotion and application of
new energy vehicles. It is also the first city in the world where buses and taxis are
basically electrified. As of 2017, the number of electric vehicles in Shenzhen is
approximately 80,800 as of 20 January 2018. The monthly sales growth rate ranked
first, reaching 29,048, leading electric vehicle industry development in the Greater
Bay Area. In the future, it will radiate to the surrounding cities and drive the entire
industry’s development. The “Guangdong, Hong Kong, Macao and Dawan District
Development Plan” also proposed “to vigorously develop smart transportation, smart
energy”, cultivating and expanding new energy, energy conservation and environ-
mental protection, new energy vehicles and other industries, forming an industry
centred on energy conservation and environmental protection technology research
and development with a headquarters’ base. This is a gathering belt, putting forward
the practical requirements for the development of the Energy Internet in the Bay
Area.

In addition, from 2018 to 2022, China Southern Power Grid will invest more than
170billionyuan in theGreaterBayAreapower grid,whichwill drive the development
along the smart grid industry chain. From micro-grid and energy storage to cloud
computing, a number of emerging industries are facing greater opportunities to inject
new development momentum into Bay Area industry.
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3.3 Environmental-Economic Benefits

The Energy Internet promotes the use of renewable energy and has a huge posi-
tive effect on the ecological environment, mainly in terms of resource conservation,
conventional pollutant emission reduction and climate change.

First, the development of the Energy Internet will greatly reduce the use of fossil
energy and generate savings from it. For the development of the Greater Bay Area,
the distributed energy design reduces the consumption of high value-added land
resources. Land resources in the Bay Area are tight, and the total area of cultivated
land is small, approximately 7820 km2. The construction cost of large, conven-
tional coal-fired power plants is no longer environmentally economical; therefore,
the advantages of developing energy interconnection in the Greater Bay Area with
clean and renewable sources are particularly obvious, and the resource-saving effects
can also be more significant, resulting in economic benefits of resource conservation.

Second, conventional pollutants are reduced. Conventional pollutant abatement
effects generally refer to reductions in emissions of sulphur dioxide, nitrogen oxides
and fine particulate matter. Through analysing the factors affecting air pollution in
Guangdong, Hong Kong and Macao, the main source of air pollution in the Pearl
River Delta region is the total energy consumption by various traditional manufac-
turing and production industries. The source of pollutants in Hong Kong and Macao
is mainly driven by population growth, growth in overall energy consumption by
inhabitants and industrial electricity consumptions. At the same time, it is found that
environmental governance funds are associated with pollutants; therefore, develop-
ing the Energy Internet can alleviate pollution from fossil energy consumption in the
Greater Bay Area, while saving a large amount of environmental management funds
and generating good environmental and economic benefits.

Third, it will be a better response to climate change. The power industry is the
main CO2 emitting industry. According to statistics, China’s firepower CO2 emis-
sions account for 40–50% of the total emissions. Constructing the Energy Internet
effectively improves the use of clean energy and energy efficiency to achieve the
emission reduction goal to a large extent.

4 Prospects for the Development of the Energy Internet
in the Greater Bay Area

By analysing the economic benefits of the Energy Internet for green development
of the Bay Area, it can be seen that the Energy Internet will reduce electricity con-
sumption cost in the Bay Area, drive industrial upgrades to achieve those benefits,
while conserving resources to reduce pollution control cost and promote the Greater
Bay Area’s green development process. Looking to the future, the Energy Inter-
net is expected to enhance the development of an efficient power market, industrial
upgrades and ecological environment as deliberated in the following threemain areas:
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(i) It facilitates the development of the power market and creates one that is
market-driven with government assistance. As a location in the forefront of
development, the Bay Area has great innovation flexibility. The gathering of
high-quality talent better implements the emerging policies and plays a role.
The construction of smart grids lays a solid foundation for energy interconnec-
tion, and the power is connected to the Internet. In the interconnection between
supply and consumer, the market can play its pricing mechanism, break the
monopoly of the power market, maximize the benefits and solve the problem
of large energy consumption and high cost in the Greater Bay Area.

(ii) The industry in the Greater Bay Area is poised to upgrade themselves for the
creation of a first-class high-tech smart bay area. The Energy Internet has been
transformed by traditional industries. The development of emerging industries
has promoted the comprehensive renewal of the Bay Area industrial chain and
stimulated innovation and practice. The future Bay Area will be built into a
world-class emerging industry, advanced manufacturing industry and modern
service industry base, ranking among world-class cities. At the same time, the
use of new energy has increased in the Greater Bay Area, and industries such as
energy conservation, environmental protection, and new energy vehicles have
grown stronger, demonstrating the role of domestic enterprises to promote the
country’s economic transformation.

(iii) It establishes a quality living circle that is suitable for living and sustainable
tourism. The Energy Internet is expected to greatly enhance the Greater Bay
Area’s ecology. The large-scale use of new energy sources will reduce carbon
emissions, meet the international response to climate change requirements and
reduce synergistic pollutant emissions and improve air pollution. Water pol-
lution will help the Greater Bay Area build a good living environment, and it
will also attract high-quality talent to start business and form a virtuous circle
of sustainable development in the Greater Bay Area.
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Pioneering Energy Efficiency Through
Green Financing in Guangdong: Project
Partnership with Multilateral Bank

Junyan Liu and Jingyan Fu

Abstract Green development has become the national strategy of China, and green
credit is an important source of incentive for green development. The Guangdong
Energy Efficiency Power Project (EEPP) is the first pilot project of this kind based
on a partnership between the Chinese government and the Asian Development Bank,
which is considered to be successful, in terms of both operations and environmen-
tal effects. Based on the analysis of this EEPP case, this study provides a set of
relevant experiences for the development of green credit and green financing that
can be potentially extended nationwide referencing on the Guangdong model for the
sustainable development in China.

Keywords Green credit · Efficiency power plant · Energy-saving and emission
reduction · Revolving fund

1 Introduction

Green finance is a phenomenon that combines the world of finance and business
with environmentally friendly behaviour. Green finance is an arena for many par-
ticipants, including individual and business consumers, producers, investors and
financial lenders [1].

In recent years, China has adopted market-based means, such as green finance, as
important means of improving the environment and strives to create a green credit
policy system to support the development of a green economy, circular economy and
low-carbon economy. Significant results have been achieved in promoting economic
restructuring and industrial structural transformation and upgrading.
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According to statistics of the China Banking Regulatory Commission (CBRC),
the green credit of 21 major banks and financial institutions of China reached 8.22
trillion Yuan by the end of June 2017. According to the Chinese green credit statistics
system, green credit consists of two parts: one part supports manufacturing terminals
of three strategic emerging industries, such as energy conservation, environmental
protection and new energy vehicles; the other part supports projects and services
of energy conservation and environmental protection, and this portion of loans is
expected to save 215 million tons of standard coal annually and to reduce carbon
dioxide emissions by 491 million tons annually.

As ameans of green credit, theGuangdongEnergy Efficiency Power Plant (EEPP)
project is the first pilot project between the Chinese government and theAsianDevel-
opment Bank (ADB) in the field of energy conservation, and it also known as the
project of the ADB loan to promote energy conservation and emission reduction. To
promote the national energy conservation and emission reduction efforts, the Chinese
government began to discusswithADBhow to build the first EEPPproject inChina at
the beginning of the 11th Five-Year Plan. In view of the important role of the Guang-
dong Province in China’s economic development and energy consumption, and due
to the pioneering spirit of being the first, Chinese government authorities and ADB
agreed to consider Guangdong Province as a pilot province of the EEPP in March
2006. It was anticipated that Guangdong would explore financing and management
models for energy conservation projects that can be replicated in other provinces
and regions in order to promote energy conservation and emission reduction efforts
throughout the country.

The context of the EEPP is to use ADB loans to carry out energy-saving and
emission reduction efforts. The project, guaranteed by the Chinese government and
using ADB’s $100 million loan and supporting domestic funds, continues to support
energy conservation and emission reduction projects in Guangdong Province on a
rolling basis between 2009 and 2026. The project execution centre shall transfer the
loan to each subproject implementing unit after the loan is exchanged into RMB.

Energy-saving efforts in Guangdong Province play an important role in the effec-
tiveness of energy-saving efforts in China because Guangdong Province accounts
for approximately one-tenth of the country’s energy consumption. In short, the suc-
cessful promotion of the EEPP has played an important role in promoting energy
conservation and emission reduction in Guangdong Province and in the whole
country.

2 Literature Review

2.1 Definition of Green Finance

Today, the term green finance appears inmany studies. However, there is no universal
definition of green finance. Höhne et al. [2] argue that green finance is a broad term
that can refer to financial investments flowing into sustainable development projects
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and initiatives, environmental products and policies that encourage the development
of a more sustainable economy. Zadek et al. [3] argue that green finance is often used
interchangeablywith green investment. However, in practice, green finance is awider
lens includingmore than investments, as defined by Bloomberg NewEnergy Finance
and others. Lindenberg [4] suggests that green finance comprises financing of green
investments, financing of public green policies and a green financial system. Volz
et al. [5] argue that green finance comprises all forms of investment or lending that
take into account environmental impact and enhance environmental sustainability.

In general, most studies agree that green finance is a kind of financial product
or service for sustainable development projects and environmentally responsible
investments [6]. Green finance is indeed a broad term that includes all forms of
investment or lending related to sustainable development projects.

Green credit is frequently used in China and refers to the actual green finance
product and service offered by banks in China, such as loans related to environmental
protection, emission reduction and energy conservation projects. If green finance is
considered as a solution to environmental problems and resource management [7,
8], then green credit is the actual bridge that connects the environmental industries
with the financial institutions [9].

2.2 Factors Affecting Green Finance

The promotion of green credit as a quasi-regular tool is not new. Many nations,
including developing countries, such as India and Brazil, use this tool to promote
environmentally beneficial financing at subsidized rates, often using public financial
agencies as conduits [10].

While capital cost is largely influenced by the macroeconomic environment and
fixed costs are stable, the ability to minimize bad debt can be managed to increase
the profit of a bank. Typically, this strategy requires the lenders to monitor a bor-
rower’s capital stock, earnings, liquidity, etc. Those factors are often recognized as
counterparty credit risks that influence the borrower’s ability to repay the loan (i.e.
the default risk of a borrower) [11–13]. Recently, environmental risk is recognized
as one of the most important factors that can influence credit risk.

As suggested by Thompson and Cowton [14], the consideration of environmental
issues is mainly motivated by the concern of risk management. In addition, some
scholars find a correlation between sustainability performance and credit risks of
borrowers [15, 16]

There is increasing pressure being placed on firms from a number of differ-
ent sources, such as governmental regulation, community participation and mar-
ket demand, to engage firms in environmental initiatives. These factors play differ-
ent roles at various developmental periods. Government regulation was initially the
major pressure. However, community participation andmarket demand have become
increasingly important [17].
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The degree of participation in green finance is truly management’s decision.
According to Koch et al. [18], decision-making from a bank’s perspective involves
managing: (1) bank performance, (2) securities and interest rate risks, (3) liquidity
and capital, (4) loans and credit and (5) investments, globalization and technology.

This article will analyse the factors affecting green finance by examining a case
of green credit in Guangdong Province, China, namely, the EEPP.

3 Operations of the EEPP

3.1 Defining an EEPP

An efficiency power plan is a virtual power plant composed of specific measures in
demand-sidemanagement that enables savings in electricity resources by adopting an
investment on a package of energy-saving plans and energy efficiency projects. The
reduced demand for electricity is treated as the amount of electricity provided by a
“virtual power plant”, and the international energy industry has implemented similar
demand-side management of electricity. The ability to implement power demand-
sidemanagement and dispatch the resources of the demand side is perceived as EEPP
by the international energy community.

3.2 Introduction of the EEPP

In recent years, China has produced a series of green policies, including green tax,
green procurement, and green policies that are relevant to the financial sector, namely
green credit, insurance and security policies. Of the three, the green credit policy is
the most advanced, with three agencies (the Ministry of Environmental Protection,
the Peoples’ Bank of China and the China Banking Regulatory Commission) sharing
the responsibility for implementation [19].

As a means of green credit, the development of EEPP is an important measure
to develop green credit and practise green development in China. The concept of
EEPP was proposed in the opening year of China’s 11th Five-Year Plan; it conforms
to the requirements of energy-saving situations and will span the 12th Five-Year
Plan and the 13th Five-Year Plan. The main goal of the project is to encourage the
main body of energy conservation to carry out energy-saving and emission reduction
activities and to support the development of energy-saving service companies. The
project is consistent with the medium- and long-term energy conservation plans of
Guangdong Province, the 12th Five-Year Plan for energy saving and longer-term
development planning. The project will be one of the important examples of energy-
saving efforts in Guangdong Province for a long time to come.
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3.3 Organizational Structure and Function

The implementation, evaluation and supervision of EEPP are relatively independent,
and the fund management is relatively separate from project management. The orga-
nizational management structure of the project is shown in Fig. 1, and the figure
shows a clear division of labour among the departments and their respective duties.

The project coordination group is responsible for guiding the overall operation of
the project, researching and formulating the project policy and reviewing the loan
of the subproject. The project coordination team is composed of members from the
Economic and Information Commission of Guangdong Province (EICGP), Guang-
dong Provincial Development and Reform Commission (GPDRC), Department of
Finance of Guangdong Province (DOFGP) and State-owned Assets Supervision and
Administration Commission of Guangdong Province (SASACGP). Among these
members, the EICGP is the lead unit of the project and is responsible for the daily
management and coordination of the project coordination group; the GPDRC is
responsible for examining and approving the feasibility study report of the project,
reviewing the application report of the project funds and reporting to the approval of
the national Development and Reform Commission; the DOFGP is the representa-
tive unit of project creditor’s rights and liabilities, responsible for withdrawing funds
from ADB, managing special accounts for the project, signing trust contracts with
trust financial service institutions and monitoring the operation of loan funds; the

Sub project 1 Sub project 2 Sub project 3 
Sub project 4 

Energy saving, 
Measurement

Technical audit, 
Management Fund custody 

Independent 
third-party 

assessment agency

Purchasing 
agent 

Project execution center YueCai Trust

Project coordination group 
(Guangdong provincial government official)

Communica on

Fig. 1 Project organization management architecture. Source GEEPP [20]
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SASACGP is responsible for project organization of the state-owned enterprises of
the Guangdong Province.

The project execution centre (in the Energy-Saving Center of Guangdong
Province) is in charge of project recruitment and concrete management. The specific
work of this centre includes subproject collection, project overallmonitoring and day-
to-day project management, technical review and evaluation of subprojects, entrust-
ing the third-party evaluation organization to evaluate the subprojects, submitting
reports to the project coordination group and ADB according to regulations, etc.

The Guangdong YueCai Trust Co., Ltd. (GYCT) is the trust financial service
institution. Entrusted by the Department of Finance of Guangdong Province, the
GYCT is responsible for subproject unit financial capacity assessment, issuance and
recovery management of subloans, portfolio management of subloans, mortgage or
guaranteemanagement of subloans, trust accountmanagement, submission of project
financial reports on a regular basis, delivery of real-time information on the project
and identification and reporting of problems in a timely manner.

Entrusted by the project execution centre, the third-party evaluation organization
is responsible for the pre-project evaluation (estimation of energy savings, project
implementation monitoring, etc.) and the post-retrofit evaluation (inspection and
acceptance of the project, determination of the actual energy savings, follow-up
tracking, etc.).

3.4 Subproject Introduction of the EEPP

Jointly promoted by the EICGP, GPDRC, DOFGP and SASACGP, the EEPP devel-
oped an overall operational framework for batch implementation, that is, the $100
million of total loans from the ADB was implemented in batches. At present, three
batches of the first phase of the project have been completed, and $100 million of
green loans have been used and repaid. The project has entered the second phase,
that is, the batch of revolving use of loan funds. The subprojects for each batch are
as follows.

3.4.1 The First Batch of the Project

The overall planning for Guangdong EEPP and its first batch of development were
approved by the state council of China on 1 April 2008, and passed the resolution of
the board of directors of ADB on 4 June 2008. The first batch (see Table 1) used $35
million in ADB loans, or 238 million Yuan (the agreed exchange rate is $1 for 6.8
Yuan), each for a loan period of three years. The ADB loans accounted for 68.1%
of the total investment in subprojects, and all subprojects were completed in 2013.
In the first batch, Guangzhou Zhiguang Electric Co., Ltd. and Guangdong Shaogang
Songshan Co., Ltd. are the only large companies, and the remaining six companies
are energy-saving service companies or small companies. Of the eight subprojects in
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Table 1 First batch of the Guangdong EEPP

Subproject
enterprise
(borrower)

Content Total
investment
(1000 Yuan)

ADB loan
(1000 Yuan)

ADB loans
account for
total
investment (%)

1 Promotion of
high-voltage inverter

94,000 67,007 71.3

2 Building intelligent
energy-saving
reconstruction

25,000 20,000 80.0

3 Promotion of high
efficiency and
energy-saving
transformer

12,500 10,000 80.0

4 Steam recovery and
utilization/energy-saving
retrofit of industrial
boiler

12,500 10,000 80.0

5 Optimization monitoring
and management system
for transformer

51,600 20,000 38.8

6 Recovery and
utilization of waste heat
of flue gas in ring cooler

87,600 70,080 80.0

7 Promotion of reactive
power compensation
device

3741 2993 80.0

8 Promotion of the high
efficiency and
energy-saving
transformer

62,500 37,920 60.7

Total 349,441 238,000 68.1

Source GEEPP [20]

the first batch, four are for the promotion and application of new equipment and new
technologies, and four are for the upgrading of existing equipment and technologies.

3.4.2 The Second Batch of the Project

The fund application report of the second batch of the project was approved by
the National Development and Reform Commission in November 2009. The second
batch (seeTable 1) used $22.06million inADB loans, or 150millionYuan (the agreed
exchange rate is $1 for 6.8Yuan), each for a loan period of three years. TheADB loans
accounted for 36.1% of the total investment in subprojects, and all subprojects were
completed in 2014. In the second batch, Guangdong Real Faith Lighting Technology
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Table 2 The second batch of the Guangdong EEPP

Subproject
enterprise
(borrower)

Content Total investment
(1000 Yuan)

ADB loan (1000
Yuan)

ADB loans
account for total
investment (%)

1 Promotion of
solar
photovoltaic
power
generation
system

68,000 35,000 51.5

2 Promotion of
energy-saving
transformer

30,000 10,000 33.3

3 Promotion of
regenerative
high efficiency
and
energy-saving
aluminium
melting furnace

40,000 20,000 50.0

4 Digital
substation
transformation
and distribution
monitoring
management
system

127,800 20,000 15.6

5 Promotion of
LED street lamp

100,000 50,000 50.0

6 Promotion of
energy-saving
automatic
plastic moulding
machine

50,000 15,000 30.0

Total 415,800 150,000 36.1

Source GEEPP [20]

Co., Ltd. and Borche Machinery Co., Ltd. are the only large companies, and the
remaining four companies are energy-saving service companies or small companies.
Of the six subprojects in the second batch, fivewere for the promotion and application
of new equipment and new technologies, and one was for the upgrading of existing
equipment and technologies (Table 2).
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3.4.3 The Third Batch of the Project

The third batch (see Table 3) used the rest of the ADB loans, that is, $42.94million or
292million Yuan (the agreed exchange rate is $1 for 6.8 Yuan), each for a loan period
of three to five years. The ADB loans accounted for 44.5% of the total investment in
subprojects, and all subprojects were completed in 2015. In the third batch, Guang-
dong Shaogang Songshan Co., Ltd. andBorcheMachinery co., Ltd. are the only large
companies, and the remaining four companies are energy-saving service companies
or small companies. Moreover, this is the second time that these two large companies
have participated in the Guangdong Energy Efficiency Power Plant project, which
reflects the enthusiasm of participating in the project and demonstrates the appeal of
the project. Of the six subprojects in the third batch, four were for the promotion and
application of new equipment and new technologies, and four were for the upgrading
of existing equipment and technologies.

Table 3 Third batch of the Guangdong EEPP

Subproject
enterprise
(borrower)

Content Total investment
(1000 Yuan)

ADB loan (1000
Yuan)

ADB loans
account for total
investment (%)

1 Promotion of
steam recycling
technology

94,813 64,000 67.5

2 Promotion of
insulated
thin-walled
copper busbar

45,000 30,000 66.7

3 Energy-saving
transformation
of air
conditioner

323,100 100,000 58.8

4 Promotion of
high-power
frequency
conversion
speed regulation
system

75,000 50,000 66.7

5 Promotion of
energy-saving
automatic
plastic moulding
machine

102,000 37,000 36.3

6 Promotion of
LED street lamp

16,000 11,000 68.75

Total 655,913 292,000 44.5

Source GEEPP [20]
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3.4.4 The Batch of Revolving Fund of the Project

Thefirst three batcheswere completed by 2015, and theADB loan ofUS$100million
was used once; then, the project entered the batch of revolving fund (see Table 4).
The batch began in August 2010 with the first subproject to repay the first principal
amount and will continue until the end of the project in 2026. The number of subjects
of the batch reached 22 by 31 October 2017, and rolling use of loans in Guangdong
Province can promote more energy-saving and emission reduction projects. This
batch was Guangzhou Zhiguang Energy-Saving Company’s and others’ second time
participating in the project, Borche Machinery Co., Ltd.’s third time participating in
the project and Zhuhai Industrial Green Building Technology Company’s and others’
fourth time participating in the project. Themultiple participation of enterprises fully
reflects the appeal of the EEPP to enterprises and the promotion of energy saving
and emission reduction in Guangdong. The batch of revolving fund had used more
than $100 million by 31 October 2017, meaning the ADB loans had been recycled
twice. This observation reflects the project operation mechanism of recycling and
continuously promoting energy-saving and emission reduction work in Guangdong.

4 Results and Findings

Different from traditional financial projects, the project of the Guangdong EEPP has
distinct green financial characteristics from its origin of operations. The details are
as follows:

4.1 The Purpose of the Project as Green Development

As a green finance project, the purpose of green development is to distinguish the
EEPP from the traditional financial project. The main purpose of traditional financial
projects is profit, while green financial projects are green environmental protection;
there is an essential difference between the two goals. The three main application
conditions of the EEPP are: a full mortgage guarantee, content of the project that
conforms to requirements and measurement of energy savings. From the application
conditions, we can see that the EEPP is a typical green project that aims to save
energy and reduce emissions.

The technical scope and environmental protection requirements of the EEPP
reflect green environmental protection. The EEPP has expanded the concept of the
energy efficiency, aimed not only at saving electricity but also to the broad sense
of energy conservation through the adoption of various energy efficiency and new
energy development technologies to achieve the purpose of energy saving and emis-
sion reduction. The technical scope includes the optimal control of motor and motor
drive systems and electric power transmission and distribution, such as transformer
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Table 4 Revolving fund of the Guangdong EEPP

Subproject
enterprise
(borrower)

Content Total investment
(1000 Yuan)

ADB loan (1000
Yuan)

ADB loans
account for total
investment (%)

1 Promotion of
energy-saving
micro motor

50,000 30,000 60.0

2 Promotion of
frequency
conversion
speed regulation
system

45,000 30,000 66.7

3 Promotion of
energy-saving
transformer

20,000 12,000 60.0

4 Promotion of
energy-saving
industrial boiler

15,000 10,000 66.7

5 Construction of
solar
photovoltaic
power station

28,818 15,000 52.1

6 Transformation
of
environmental
degradation
product line

27,350 20,000 73.1

7 Promotion of
energy-saving
dyeing
equipment

50,000 20,000 40.0

8 Guangdong
Yuedian Hongfa
Hydropower
Project

147,920 60,000 40.6

9 Construction of
solar
photovoltaic
system and
application of
new energy in
Guangdong
province

244,000 60,000 24.6

10 Renovation of
high efficiency
LED lamps

66,240 40,000 60.4

(continued)
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Table 4 (continued)

Subproject
enterprise
(borrower)

Content Total investment
(1000 Yuan)

ADB loan (1000
Yuan)

ADB loans
account for total
investment (%)

11 Renovation of
intelligent
control of
central air
conditioner

15,460 10,000 64.7

12 Renovation of
high efficiency
LED lamps

77,050 50,000 64.9

13 Guangdong
Yuedian Dianbai
wind power
project

487,500 50,000 10.3

14 Energy-saving
project of
building system

227,086 20,000 8.8

15 Promotion of
energy-saving
injection
moulding
machine

30,000 20,000 66.7

16 Energy-saving
technology and
equipment for
ceramic powder

28,164 15,000 53.3

17 Technical
transformation
project of
recycled plastics

150,000 95,000 63.3

18 Promotion of
solar
photovoltaic
power
generation

74,814 50,000 66.8

19 Construction of
solar
photovoltaic
power
generation
system and
development of
new energy

350,000 60,000 17.1

(continued)
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Table 4 (continued)

Subproject
enterprise
(borrower)

Content Total investment
(1000 Yuan)

ADB loan (1000
Yuan)

ADB loans
account for total
investment (%)

20 Promotion of
energy-saving
distribution
transformer

43,000 30,000 69.8

21 Promotion of
solar
photovoltaic
power
generation

50,400 35,000 69.4

22 Promotion of
energy-saving
injection
moulding
Intelligent
equipment

40,000 19,000 47.5

Total 2,267,802 751,000 33.1

Source GEEPP [20]

and reactive power compensation, green lighting, heating, ventilation and air condi-
tioning (HVAC) systems and other energy system optimization, air compression sys-
tem and pump system energy saving, industrial waste energy recovery and utilization,
industrial boilers and heat and power co-supply, etc. The three main environmen-
tal restrictions of the EEPP are as follows: not involving any land expropriation or
involuntary immigration or causing any adverse effects on local residents; not being
located in any particular environmentally protected area; and being in compliance
with the national and provincial social and environmental protection-related laws and
regulations design and implementation. From the technical scope and environmental
protection requirements of the EEPP, it can be seen that the project content of the
EEPP also aims to save energy and reduce emissions, which embodies the concept
of green development.

4.2 Achieving Green Development

As a green financial project, promoting the harmonious development of the economy
and environment and embodying the concept of green development are the essential
characteristics of the Guangdong Energy Efficiency Power Plant project, which is
different from those of traditional financial projects.
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4.2.1 Reducing Energy Consumption in Guangdong Province

The energy-saving capacity already achieved by the project far exceeds the require-
ments of the project. During the pre-evaluation phase of the project, the project team
signed a financing framework agreement with ADB to confirm the project energy-
saving requirements (see Table 5). After the implementation of the project, the project
team commissioned a third-party evaluation organization to evaluate the energy sav-
ings of completed projects according to Environmental Policy (2002 edition), Envi-
ronmental Assessment Guidelines (2003 edition) and the domestic requirements of
Methods and Parameters of Economic Evaluation of Construction Projects (third
edition). By the end of 31 October 2017, the annual energy-saving capacity of the
completed projects exceeded the ADB requirements (see Table 5). If we assume that
the EEPP works 330 days a year and 24 h a day and use the 2016 national average
industrial electricity price (0.7 Yuan per hour), then the EEPP could save end-users
$355 million a year on electricity. Since the ADB loan can be recycled at least three
times in the Guangdong Province within 15 years, the energy-saving benefit will
be doubled, and the remarkable energy-saving benefit will promote the decrease
of energy consumption in Guangdong. Thus, the project will bring good economic
benefits.

The successful operation of the EEPP has greatly promoted the development
of Guangdong’s green economy. The EEPP was proposed at the beginning of the
11th Five-Year Plan, which conforms to the requirements of the current energy-
saving situation and will span the 12th and 13th Five-Year Plans. The project is
consistent with the energy conservation plan of Guangdong Province in the medium
and long term in alignment with the energy-saving plan of the 12th Five-Year Plan
and its long-term development direction. The EEPP will still be one of the important
examples of energy conservation work in Guangdong Province for a long time to
come. In the face of the difficult task of energy saving and consumption reduction,
Guangdong Province has completed the energy-saving targets of the 11th Five-Year

Table 5 Energy-saving details of the EEPP

Energy-saving
requirements

Actual energy saving
(by 31 October 2017)

Meet the
requirements or not

Annual reduction in
coal consumption
(tce)

175,813 503,941
√

Annual reduction in
electricity
consumption (MWh)

532,767 1,527,093
√

Equal to EEPP (MW) 107 305
√

Annual electricity
savings for end-users
(million dollars)

42.6 355
√

Source GEPPP [20]
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Plan and the 12th Five-Year Plan with the efforts of all parties concerned, and the
energy consumption level is in the leading position in the country. The EEPP plays
a significant role.

4.2.2 Economic Benefits Through the EEPP

First, industrial and residential electricity prices are not the same. Second, industrial
electricity is different from peak value, average value and lowest value, and there
is a ladder price for residential electricity. Finally, electricity prices are different in
all regions of the country and in Guangdong. To simplify the calculation, this paper
selects the average value of the national industrial electricity price in 2016, which is
approximately 0.7 Yuan/KWh.

It is assumed that the depreciation period of the fixed assets is 10 years. According
to the sixtieth provision of the Enterprise IncomeTaxLawof the People’s Republic of
China (2011 edition), the minimum age of depreciation for fixed assets of machinery,
machinery and other production equipment is 10 years, so this paper sets the fixed
assets depreciation life as 10 years.

The interest rate is chosen as the one-year deposit rate of the central bank in 2017.
Because the fixed asset depreciation life is set to 10 years, we need to convert the
project income into the current value of the current year. The interest rate used to
calculate the present value is chosen as the one-year deposit interest rate of the central
bank in 2017, that is 1.5%.

Then, the formula for calculating the total return on investment is:

Total return =
10∑

i=1

(
Annual electricity savings × Electricity price ÷ (1 + 1.5%)i−1

)
(1)

Second,wemust calculate the total cost of the investment. Total project investment
includes self-financing and ADB loans; enterprise self-financing does not calculate
interest. Based on the actual cost of using the ADB loan, assume that the interest on
the ADB loan is 2%. Then, the formula for calculating the total cost of investment
is:

Total investment cost = Enterprises own capital + ADB loan × (1 + 2%) (2)

Finally, we must compare the total return of investment and the total cost of
investment. Based on formula (1) and formula (2), the investment returns of the first
three batches of EEPP can be calculated (see Table 6). As seen from the table, 18 of
the first three batches of 20 subprojects are profitable, with a profit rate of 90, and
only two subprojects generate losses, with a loss rate of 10. The first three batches
of 20 subprojects are profitable as a whole, and the proportion of income investment
is 4.0; the EEPP has achieved good economic benefits.
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Table 6 Investment returns of the first three batches

Batch Subproject
enterprise
(borrower)

Total return
(1000 Yuan)

Total cost
(1000 Yuan)

Return/Cost Profitable or
not

1 1 445,233 95,340 4.7
√

2 82,527 25,400 3.2
√

3 15,706 12,700 1.2
√

4 43,940 12,700 3.5
√

5 144,532 52,000 2.8
√

6 830,643 89,002 9.3
√

7 413,074 3801 108.7
√

8 83,471 63,258 1.3
√

2 1 20,299 68,700 0.3 ×
2 40,854 30,200 1.4

√
3 95,068 40,400 2.4

√
4 261,485 128,200 2.0

√
5 44,392 101,000 0.4 ×
6 110,571 50,300 2.2

√
3 1 479,319 96,093 5.0

√
2 106,941 45,600 2.3

√
3 2,067,296 325,100 6.4

√
4 165,857 76,000 2.2

√
5 223,354 102,740 2.2

√
6 18,058 16,220 1.1

√
Total 5,692,621 1,434,754 4.0

√

Source GEPPP [20]

4.2.3 The EEPP Achieved Synergistic Reduction of Greenhouse Gas,
Air Pollution and Suspended Particulates and Promoted
the Development of a Green Environment

Facing the grim situation of air pollution, suspended particulate pollution and inter-
national tendency of independent greenhouse gas emission reduction, “cooperative
control” of greenhouse gases, air pollution and suspended particulate has become the
key policy choice for the world, especially developing countries that are in a period
of industrialization, to address domestic pollution prevention and the greenhouse gas
emission reduction obligations of international control.

Air pollution, greenhouse gases and suspended particulate emissions, mainly
caused by burning fossil fuels, have the same root synchronization. The EEPP not
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Table 7 Comparison of reduction capability of the EEPP

Project reduction
requirements

Actual emission (by
the end of 31 October
2017)

Complete or not

Suspended particulate
(ton/year)

1785 5345
√

Sulphur dioxide
(ton/year)

4795 13,744
√

Nitrogen oxide
(ton/year)

1066 3054
√

Carbon dioxide
(ton/year)

415,560 1,191,133
√

Source GEPPP [20]

only promotes the development of new equipment and new technology and transfor-
mation of the old but also facilitates the reduction of greenhouse gases, air pollution
and suspended particulate at the same time.

The project’s capacity to reduce emissions is far beyond the requirements of the
project. The EEPP requires not only the content of the project to meet the require-
ments of the energy efficiency power plant but also the amount of emission reduction
accountable. In the evaluation stage, the project team and the ADB signed a “financ-
ing framework agreement”, confirming the project energy requirements (see Table 5).
After the implementation of the project, the project team entrusted a third party to
quantitatively evaluate the project based on the “environmental policy” (2002 edition)
and “EnvironmentalAssessmentGuide” (2003 edition), combinedwith requirements
for emission reduction projects of the domestic Chinese “construction project eco-
nomic evaluation methods and parameters” (third edition). By the end of 31 October
2017, the annual emission reduction capacity of the completed project exceeded the
ADB requirements (see Table 7) and achieved a good effect on the improvement of
the environment. Because ADB loans can be recycled in Guangdong at least three
times within 15 years, the benefits and environmental will be doubled.

The EEPP has successfully created a synergistic reduction of greenhouse gases,
air pollution and suspended particulates, which is good for environmental pollution
control and land surface temperature control, and has strongly promoted the green
development of Guangdong. The EEPP aims to reduce greenhouse gas emissions
and carbon emissions by 2030 and to promote the Chinese peak and peak ahead of
Guangdong Province; the Guangdong Energy Efficiency Power Plant project also
aims to reduce air pollution and suspended particulate matter and to promote the air
pollution control and environmental management in Guangdong.

To summarize, the EEPP has promoted the coordinated development of the
economy and environment and embodies the concept of green development.
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4.3 Alignment with Public Policy Orientation

As a green financial project, the policy orientation to the service entity economy is
the third characteristic of the EEPP that differs from traditional finance. Profit is the
main purpose of traditional financial; funds may flow to the real economy as well
as to a fictitious economy, which is different from green finance. The report of the
19th National Congress of CPC noted that finance is the core of modern economy;
we must deepen the reform of the financial system, enhance the ability of financial
services in the real economy, improve the proportion of direct financing and promote
the healthy development of a multi-level capital market. The EPP is an important
experience and reform of green finance development. All 42 items (by the end of 31
October 2017, including the first batch of three projects and recycling projects) are
concerned with upgrading and popularizing the application of new technology and
equipment, the funds all flow to the real economy, and the loan amount is 1 billion
431 million Yuan, which accounts for 39% of the total investment.

4.4 Promoting Industrial Upgrading

As a green financial project, the clear use of funds is the fourth characteristic of
the EPP. While a traditional financial project has no clear direction of investment,
encouraging and guiding the development of the main energy-saving project and
supporting the development of energy service companies are the main goals of the
development of the EEPP. The use of funds has a clear property of green finance and
support of industrial development. There are 20 projects in the first batch, including
7 original equipment and technology and upgrading projects and 13 new equipment
and technology promotion and application projects, such as a high efficiency, energy-
saving transformer and aluminium melting furnace.

The popularization and application of these new devices and new technologies not
only save energy and reduce emissions but also improve the production efficiency
of enterprises and upgrade the industry. Additionally, the application of a solar pho-
tovoltaic power generation system not only achieved energy savings and emission
reductions but also completely changed the production and industrial structure of the
electric power enterprises. The replacement of thermal power and hydropower has
obvious characteristics of upgrading the industry and industrial chain.

The upgrading of the original equipment and the original technology has also
promoted the upgrading of the industry. There are seven equipment and technology
upgrade projects of theEEPP, such as steam recycling and recovery and the utilization
of flue gaswaste heat. These projects can save energy and reduce emission reductions,
as well as cope with waste and turn it into an advantage, which will increase product
value and profits and upgrade the industry.
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4.5 Social Benefits

The project brought good social benefits to the participating enterprises. First, the
enterprise had to adapt to the global green trend in response to national policies of
energy-saving and reduction of emissions in the development of new energy. Par-
ticipating in energy efficiency projects will reduce the level of enterprise energy
consumption and environmental pollution, assume more social responsibility and
improve the enterprise’s reputation. These practices will not only enhance the com-
pany’s public image but also increase the opportunities for the enterprise to receive
more government fiscal support, incentives and subsidies of programme applications.
Second, the participating enterprises became familiar with the loan procedures and
operation practices of international financial organizations, such as ADB, through
the process of this programme, which improved the management level of the enter-
prises. Finally, enterprises will improve their credit and further broaden financing
channels to attract more support of domestic financial institutions through participa-
tion and completion of the government in cooperation with ADB, which is especially
important for small and medium enterprises.

The project has good social benefits for the local people. This project takes the
mode of multi batch cycle lending, and each subproject unit is located in ten cities in
Guangdong Province. So, the implementation of the project brings a positive change
to the location of the project, such as the LED street extension and building intelli-
gent node transformation programme, which benefit the local people. The projects
improved the ecological environment and promoted ecological consciousness and
the local people’s awareness of energy conservation and the environment. Local
people’s ecological behaviour will be encouraged through the implementation of the
project, which lays a solid foundation for the ecological development of these areas
into a virtuous cycle.

The project has achieved great economic and social benefits and has been highly
affirmed and praised by the Chinese government and the ADB. In 2011, the ADB, in
its official publication of the “energy efficiency intervention practice report”, noted
that the EEPP is the only project that made significant progress of all the ADB loan
projects and the only project that measured and certified energy efficiency during its
implementation. In 2013, the first batch of the project was awarded “highly satisfied
project” among all completed projects, and the second batch of projects obtained the
“2012 best performance Loan Project” award among all under-construction projects,
which are the only energy efficiency projects to receive the privilege in the imple-
mentation of the Chinese ADB project, and the third batch of the projects won “the
2014 best performance award loan project”.
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4.6 Development of a Green Finance Industry Chain

The green financial industry chain includes financial capital, a project execution
centre, funds and financial managing institutions, independent third-party evaluation
of enterprise, energy service companies and project target enterprises (see Fig. 1).
The success of theGuangdong EEPP as a green financial operation sets an example to
promote the development of the green finance industry chain, and specific examples
of performance are as follows:

4.6.1 Development of Energy-Saving Service Industry

The energy services industry is the supporting industry for enterprises and projects
to provide services in energy savings and emission reductions with contract energy
management. Generally, this industry provides a diagnosis and financing and trans-
formation services for energy savings of energy-using units to obtain reasonable prof-
its and investment recovery through energy conservation benefits sharing. Therefore,
this industry is the starting point to achieve the goal of energy saving and emission
reduction for the energy industry, but it is not well developed due to various reasons.

Most of the domestic energy-saving service companies are unable to provide a
full mortgage guarantee because of light assets, which create difficulty in obtaining
the support of green credit. Through financial innovation and other measures, the
Guangdong EEPP projects support a number of energy service companies with new
energy-saving technology in a new fieldwith high credit. Six of 20 projects in the first
three batches are projects of energy services companies; they received 220 million
Yuan of the ADB loan, accounting for 32.4% of the total loans. Through the process
of supporting these energy service companies in terms of low-carbon technology
and energy savings, the Guangdong EEPP projects promote the development of
the energy services market and energy service companies and therefore the overall
development of the green financial industry.

4.6.2 Development of Third-Party Evaluation Institutions

Without the third party of authority, evaluation institution is an important factor to
restrict the development of green financial projects. At present, audit institutions
of energy saving are mainly constructed by energy service companies, accounting
firms, industry associations and research institutions. Lacking third-party assessment
agencies with a strong professional credibility, energy service companies and energy
units will have differences in energy saving and efficiency calculations in the process
of project operation. An energy-using company will also be intentionally default in
green financial projects, affecting the completion of thewhole green financial project.
According to a survey of green financial default projects, 38.89% exist because of
energy-saving effects, 94.44%ofwhich are caused by the unacceptablemeasurement
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standards and methods used by the energy service company; 74.14% of the banks
that operated with green financial projects admit the lack of an evaluation system,
which restricted the credibility of enterprise financing.

From 2009 to 2026, Guangdong EEPP projects supported the green credit project
with a loan of one hundred million Yuan from the ADB and participated with third-
party evaluation agencies in each project. The Guangdong EEPP supports and pro-
motes the development of a third evaluation party to promote the development of the
green financial industry.

4.6.3 Green Development of Small- and Medium-Sized Enterprises
or the Guangdong Model of Green Finance

The Guangdong EEPP project not only pays attention to large energy consumption
but also focuses on the green development of small- and medium-sized enterprises
and creates theGuangdongmodel of greenfinance. TheGuangdongEEPPproject has
both large electric companies, such as Shaogang and Zhiguang, and a large number
of small- and medium-sized enterprises and energy service companies. There are
four projects that listed companies in the first three batches of 20 projects, and two
projects are with large companies. There are 14 projects that belong to small- and
medium-sized enterprises and energy service companies, and the loans fromADBare
366 million Yuan, accounting for 53.8% of the total loans, which fully demonstrates
support for small- and medium-sized enterprises and energy service companies.

Small- and medium-sized enterprises were keys to promoting Chinese economic
reform for approximately the past thirty years, which made great contributions to
economic development in China. As the pioneer of Chinese reform, the number
of small- and medium-sized enterprises of Guangdong Province in 2009 reached
813.4 thousand, becoming the pivotal position and social economic development in
Guangdong’s reform and ranking second place in China. Therefore, the goal of the
Guangdong EEPP is to innovatively activate small- and medium-sized enterprises,
which is a breakthrough as compared to the traditional international financial loans.

The Guangdong EEPP is a positive innovation in policy research, mechanism
design and project management based on the actual situation of Guangdong. The
EEPP supports small and medium enterprises to become main energy-saving and
emission reduction parties that strongly promote Guangdong’s energy-saving emis-
sion reduction efforts and achieve good economic and social benefits. Distinctive
characteristics of energy saving and emission reduction in the project provide a good
demonstration in the implementation of ADB in other provinces and a reproducible,
trustworthy and successful experience for construction of efficiency power plant
projects in other domestic provinces and the international community. The success-
ful implementation of the project marks a breakthrough in the cooperation between
the Chinese government and ADB in the field of energy saving and emission reduc-
tion. This project fully demonstrates that the Guangdong mode of SMEs is the model
of energy saving and emission reduction and is fully consistent with China’s national
conditions.
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5 Conclusions

Through the case study of the EEPP, we find that policy support is necessary in the
early stage of green financial development.

As a green financial project, requiring policy support in the early stage of develop-
ment is the sixth characteristic of the EEPP. The non-profit nature of green financial
has an obvious disadvantage in market competition, especially in situations with
bound budgets and weak public consciousness of green development compared with
traditional financial; therefore, the development of green finance requires not only
development of public awareness of environment protection but also the engagement
of government support in development. The policy support of the EEPP includes
mortgage innovation, energy reward, low financing costs, long loan period, govern-
ment bared loans, external risk and project operation costs, so these policies provided
by the EEPP are the main differentiations from the traditional financial project.

5.1 Mortgage Guarantee Innovation

Through the innovation of mortgage guarantee, the EEPP provides the necessary
policy support to the development of green finance. Because the EEPP is national
sovereign guaranteed, it should be strictly risk controlled and fully secured. Con-
strained by funding strength, the majority of small- and medium-sized enterprises
and energy service companies will find it difficult to achieve full collateral require-
ments, while the energy conservation centre has collateral innovation, such as land
guarantee, group guarantee, bank guarantee, pledge of accounts receivable (such as
SPDB), executives of credit guarantee, executives real estate guarantee, joint guar-
antee (such as Guangdong 50 million loans, signed by third-party guarantees, a
finance company fall back of repayment after 3 years), third-party guarantee and
accounts receivable guarantee, to help the application of the EEPP for some small-
and medium-sized enterprises and energy service companies.

5.2 Energy- Saving Reward Funds

The energy-saving incentive fund is another policy support provided by the EEPP
for the development of green finance. Guangdong Province issued the “Guangdong
Province to promote energy-saving emission reduction of ADB loan (EPP pilot)
projectmanagementmanual” to reward the subproject borrowerwho achieved energy
savings and debt service on time. Generally, project companies receive incentive
funds, such as 15 projects in the first 20 projects of three batches, and there were only
five remaining projectswith no reward funds for failing to complete the energy-saving
targets or execution.
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The reward funds are derived from the project surplus. Seventy per cent of project
earnings are used to reward the project unit, and project earnings include loan interest,
financial income and other income after deducting the project operation cost; the
difference in loan interest comes from the differences between the interest rate of
project group obtained loans from the ADB’s (the first and second batch of loans’
interest is LIBOR up 0.2%, the third is up to 0.3%. The average interest rate of
the projects is approximately 1%) and the interest rate project offered to project
enterprises (interest rate of 6 months’ commercial loans issued by the people’s Bank
of China falls 10%); financial income is derived from a portion of funds that has not
been loaned out by the fund custodian (Guangdong finance trust) in managed funds
during the financial implementation.

5.3 Low-Cost Financing

The low cost of financing is the third necessary policy support provided by the EEPP
to the development of green finance. The nominal interest rate project provided to
subproject enterprises is 10% lower than the commercial loans interest rate provided
by People’s Bank of China, and the top three batches’ project loan rate is only approx-
imately 3% because of tax preferential policies (the implementation period is from
2009 to 2015 and adjusted according to the central bank interest rate); considering
the energy reward, the real interest rate of the enterprises involved in the project is
very low, generally less than 2%. For example, the interest is 3.8 million with a 67
million loan and 3.2 million reward for the final return of the project for the Guang-
dong power group. Therefore, the actual interest from the ADB loan is less than
1%, and some are even as low as 0.5%, far below commercial lending rates, which
greatly reduce the cost of corporate financing and strongly support the development
of green financial projects.

5.4 Long-Term Loans

Arrangement of long-term loans is the fourth necessary policy support provided
by the EEPP for the development of green finance. Generally, the operation cycle of
green financial projects is longer, which becomes an important feature and key factor
that limits the development of green finance and differs from traditional financial
projects. Funds are required in the pre-period of contract and investment in green
finance projects, which will be used for purchasing equipment and construction,
while loans for traditional financial projects will be offered after the first payment
during the project operation. Green finance investment funds for projects cannot
be effectively satisfied because of the mismatch of time, which often leads to the
abortion of the project. The funds of the EEPP lend early with a period of 3–5 years,
as well as a grace period; a three-year loan has a one-year grace period and the
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ability to pay the principal in four stages in the last two years with monthly interest;
a five-year loan has a two-year grace period and a schedule to pay back the principal
twice a year. The longer loan period and relaxed repayment arrangement reduce the
financial pressure of the enterprises, thus bringing about economic benefits to the
participating enterprises while facilitating successful operations of the project.

5.5 Government Undertaking the Risk

The government takes the external risk and operation cost of loans as the fifth nec-
essary policy support for the development of green finance in the EEPP. The direct
support of the government is also an important feature of the green financial project,
which is different from traditional financial projects. The EEPP loans are in US dol-
lars, while loans to participating enterprises in the project group are in RMB,whereas
interest risk and exchange rate risk are borne by government alone but not by the
enterprises. At the same time, the government set up a project coordination group
responsible for the overall operation of the project and guidance of the formulation
of project policy. The project execution centre is managed by the project coordina-
tion group. The Guangdong finance trust and third independent party organization
are responsible for the project operation and commission. Without the project cost,
including the operation costs and service charges of hiring intermediate financial
services institutions, the third-party evaluation agency cost borne by the government
can be reduced.
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Impact of Climate Risk Factors
on Valuations of China A-Share Market

Entela Benz-Saliasi

Abstract An increasing number of companies have embraced ESG, and an increas-
ing number of investors have focused on the ESG impact behind their capital allo-
cation decisions. To date, however, prior academic literature has not distinguished
the useful environmental indicators in China A-share market. This study investigates
the effect of environmental indicators on the valuation multiples. Using a normal-
ized sample of 222 Chinese companies co-listed in China A-shares and MSCI China
Index, it finds that most of the environmental indicators are statistically significant.
Total GHG CO2 intensity per sales and percentage of water recycled has signifi-
cance in determining P/B value. This study also finds that the higher the government
involvement, the higher the energy inefficiency and the GHG CO2. These results
speak to the significance of environmental factors in company valuation in China
A-share market and also have implications for asset managers who have committed
to the integration of environmental factors in their capital allocation decisions.

Keywords Climate risk · Climate change · Investments · Financial performance ·
Environmental factors · GHG · Water · Waste · Energy inefficiency

1 Introduction

Since the turn of themillennium, the world appears to have increased its commitment
to sustainability and future growth. Investors have been increasingly focused on the
ethical impact behind the investment while achieving outstanding returns. Mean-
while, global sustainable investment assets have expanded dramatically from $13.3
trillion in 2012 to $22.9 trillion at the start of 2016 according to Global Sustainable
Investment Review, 2017 report. However, only US$500bn of US$23trn ESG asset
is managed in Asia, and 90% of that is in Japan. Asia ex-Japan stands at a low level
of 0.2% of the total ESG AUM, a level that clearly has room to grow.
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Closer to home, recognizing the intensity and the severe consequences of climate
risk the Chinese government has laid a very ambitious plan. China’s 13th Five-Year
Plan targets a carbon intensity reduction of 18% and energy consumption cap of 5
billions tons of coal equivalent for 2020. By 2030, they target to have 20% renewable
energy and reduce the carbon intensity by 60%. These targets are critical given the
role of China. According to BP Statistical Review of World Energy, in 2017, China
is the most significant contributor to GHG global emissions holding 27% of the total,
followed by USA and India with 15% and 7%, respectively.1 Currently, in China,
one of the most critical restricting factors on economic development falls into the
natural resource scarcity resulted from resource imbalance and industrial pollution
which alarmed the government and public. Taking the water risk, in China alone,
around 145 million people are exposed to flooding risk due to sea level rise. Even
more acute is this issue in the Guangzhou area and surroundings due to the very
high concentration of human and economic capital.2 The societal and economic
implications are unmeasurable.

With the growth of the Chinese economy and opening-up procedure in the Chi-
nese market, domestic and foreign investors could no longer ignore environmental
risk. With the inclusion of Chinese A-share3 stocks into global equity benchmarks,
asset owners must assess whether standard systematic approaches to mitigate risk
and generate excess equity returns are equally valid in China. These environmen-
tal risks are underappreciated and have soon started to unfold. Significant spending
on sustainable infrastructure and government incentives would be in need to meet
emission reduction targets. These would present considerable investment risks and
opportunities through tightening regulations, changing consumer preferences and
disruptions caused by the advancement in technology.

Betting on better risk management and alpha generation, over the past decades,
one of the most critical trends in portfolio management has been the incorporation of
environmental, social and governance (ESG) data that integrate a measurement sys-
tem to capture potential inequalities, social risk and long-term performance. ESG is
more than just an ethical way of investing. ESG can enhance the portfolio by substan-
tially reducing volatility, increasing Sharpe ratios and limiting drawdowns and have
some merit as stand-alone alpha sources according to [1]. Using a comprehensive
meta-study, they conclude that in 90% of the cases there is a nonnegative correlation
between ESG and company financial performance. As for individual studies just
to mention one or two, companies that perform high on environmental indicators
achieve a cost of equity [2] and the cost of debt reduction [3]. Further, a 25% reduc-
tion on carbon emission per sales reduces the cost of equity, on average, by 0.4 basis
points [4]. Oikonomou et al. [5] find a negative (positive) relation between systematic
risk and a measure of aggregate strengths (concerns) for S&P 500 firms. They also
find that community, employment and environmental concerns are significantly and
positively related to systematic risk. And the list continues.

1BP Statistical Review of World Energy 2018.
2Deutsche Bank: Measuring Physical Climate Risk for Equity Portfolios, 2017.
3https://www.msci.com/china.

https://www.msci.com/china
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While there is a growing body of evidence on risk/return impact of environmental
factors, the results tend to be eitherweak or confusing. This is because toomuch focus
is given to the model or robustness check, with little understanding of the indicators
to be used, the data collected and the method to aggregate to date from the providers.
The same type of indicator is very often measured in different ways, resulting in a
different meaning and conclusion (Gonenc et al. [6]. To avoid dubious results, we
employ widely used and quantifiable indicators, rather than ratings (such as ESG
score) that often include activities that have no financially material implication on
company level.

The primary objective of this study is to answer the following questions: What
works and what does not when it comes to physical climate risk, closely related
to environmental factors investing in China? Is there statistical importance of spe-
cific environmental indicators toward company financial performance in China A-
shares? Most of the indicators are industry-specific; hence what would happen if we
normalize per sales and control for the industry as well?

We show that there is indeed a statistically significant relationship between phys-
ical climate risk capture by environmental score (E-score) and company financial
valuations. Furthermore, the most striking result is that the most GHG polluting and
most water-intensive companies are also the ones with the highest government own-
ership (% SOE). Last, we believe that most of these risks are currently not prices,
giving rise to opportunities in certain sectors.

2 Data and Sample Description

MSCI China A-share index companies are all part of China A-share market. As such,
they enjoy high market capitalization and many other intangible elements such as the
accessibility to foreign markets and connections with the government among others.

The industry group is classified under the guidance of the Global Industry Classi-
fication Standard (GICS®). Our sample constitutes 221 Chinese companies co-listed
in China A-shares, and MSCI China Index deemed to be the most liquid among
the China A-shares. There are eleven industry sectors: (a) communication, (b) con-
sumer discretionary, (c) consumer staples, (d) energy, (e) financials, (f) health care,
(g) industrials, (h) materials, (i) real estate, (j) technology and (k) utilities. Table 8
presents the sectors and the number of companies in each sector. The largest concen-
tration of companies is found in financials and industrials with 55 and 41 companies,
respectively. The lowest is in communication with only four companies.

2.1 Company Valuation Data Description and Analysis

The valuation multiples we choose are a price-to-earning (P/E) and price-to-book
P/B ratios. P/E ratio is an equity valuation multiple (see Table 1). It is calculated by
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Table 1 Sectors and companies in each sector (there are 11 sectors and 222 companies overall).
P/E and P/B ratios are normalized per each sector—data as of July 2018

Industry Number of
companies

Dividend yield
%

P/E P/B Average
ownership ratio
(% SOE)

Communications 4 0.59 25.00 1.28 59.2

Consumer
discretionary

25 1.97 15.76 2.18 21.8

Consumer
staples

12 1.72 28.89 5.14 21.0

Energy 7 3.33 14.81 1.22 54.3

Financials 55 2.85 8.87 1.12 39.6

Health care 13 0.97 28.21 3.41 23.1

Industrials 41 1.65 16.50 1.69 45.8

Information
technology

25 0.77 33.80 3.00 10.8

Materials 10 1.59 16.94 1.95 36.0

Real estate 17 3.15 9.50 1.46 31.9

Utilities 12 2.14 21.37 1.49 51.0

dividing the market price per share by earnings per share (annually). It facilitates
comparison between different companies within the same industry. Higher P/E ratio
is often associated with growth stocks that are developing faster than average, which
attracts investors. Lower P/E ratio often attracts the investors interested in investing
in value stocks as low P/E ratio represents that the stock is available at a cheap cost.
The other valuation multiple we use is the P/B ratio. The P/B multiple offers an
insightful perspective on how the market evaluates a company’s assets, comparing
to its earnings. This makes it particularly useful for valuing firms with significant
financial assets.

P/E and P/B ratios include information about other factors such as earning
turnarounds, growth prospects, proportion of debt, management efficiency and
investor sentiments. We improve the measurement by normalizing the P/E and P/B
ratios using theMSCIChina Sector Average P/E (P/B) score based onMSCIOnshore
China A Index as benchmarks.

Sector Normalized P/E Score = ((Company P/E Score)/(MSCIChina Sector Average P/E Score)) × 100

Sector Normalized P/B Score = ((Company P/B Score)/(MSCIChina Sector Average P/B Score)) × 100

We also collect and analyze the % Div. Yid per industry (average dividend payout
ratio of that industry) as a signal of investors’ preference on short-term cash inflow
in the form of dividends or long-term stock price appreciation due to the growth
funded by retained earnings. Anecdotal evidence indicates that the state companies
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in China are more inclined to operate in an environment with the absence of hard
budget constraints which is replete with moral hazard.

Last but not least, our analysis takes account of average ownership ratio (per-
centage of state-owned % SOE) as the government ownership proportion in terms of
equity in each company. Given the top-down ESG approach in China, we believe that
that is an essential driver of environmental and social policies implemented on the
company as well as on countrywide level. It is also a factor to be priced in company
valuations given its importance in the decision-making process on the board level.

To illustrate valuation multiples across different sectors, we compare the nor-
malized P/E ratios and P/B ratios. In particular, we see IT sector owns the highest
industry average P/E while financials owns the lowest. In terms of P/B, consumer
staples’ sections ranked as the top while industrials is the lowest. Fifty-five compa-
nies have been included under the financials. On the contrary, only four companies
have been listed under the communication sectors. Among all the companies we have
compared, energy sector owns the highest average ownership ratio which aligns with
our expectation. The following two graphs are based on the data we have collected
(see Figs. 1 and 2).

Both figures point to an interesting result. For China A-shares included in the
MSCI index, the relation of average ownership ratio is adverse to the company
valuations captured by P/E and P/B ratios. Put it differently, the more independent
the company, the higher the valuations. For example, information technology and
consumer staples with the lowest ownership ratio (10–20%) enjoy the highest P/E
valuations (~30). The opposite is true for energy, communications and industrials.

On the dividend yield ratio, from a shareholder perspective, both charts point to
a positive correlation between average ownership and dividend yield. Dividends are
largest in the companies with highest government ownership. One possible expla-
nation is that these companies are beyond the growth stage. Hence, earnings are
distributed rather than retained for growth.

0
0.5
1
1.5
2
2.5
3
3.5
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P/E Average Ownership Ra o Div Yld %

Fig. 1 Cross-industry comparison, China A-shares market, LHS: P/E, Div. Yid%; RHS: average
ownership ratio. In brackets are a number of companies per sector. Normalization as of July 2018
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Fig. 2 Cross-industry comparison, China A-share market, LHS: P/B, Div. Yid%; RHS: average
ownership ratio. In brackets are a number of companies per sector. Normalization as of July 2018

The following sections aim at analyzing the potential relationship between the
environmental factors and company valuation as well as the role/influence, if any, of
the government ownership ratio.

3 Company Environmental Data Description and Analysis

Bloomberg has been adopted as the data provider4 for the environment indicators
(E-scores). Based on BlackRock’s model and the emphasis outlined by the Chinese
government’s Five-Year Plan, five indicators are chosen to quantify the environment
risk:(i) CO2 (total GHG CO2 emission intensity per sales), (ii) energy (energy inten-
sity per sales), (iii) water (water intensity per sales), (iv) waste (waste generated per
sales) and (v) recycled (percentage of water recycled) (see Table 2). The first four
indicators are divided by total sales which stands for a good proxy for efficiency
rather than the absolute level.

Table 3 shows how these indicators behave across different sectors ofMSCI China
A-share companies. Sensitive industries perform a higher level climate-related risk.

i. None of the four companies in communication sectors reports the key environ-
mental indicators.

4The platform is on track to provide company-reported ESG data for almost 9500 companies in 83
countries. It has been broadly used by over 700 reports and one million unique users per month,
covering four ESG investment themes including 35 ESG indicators where eleven of them are E
factors. The eleven indicators are aimed to measure the direct or indirect impact of a company’s
activity on the environment (waste management, level of carbon dioxide emissions, responsible
consumption of water, development of renewable energy, degree of energy efficiency are examples).
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Table 2 Environmental (climate) risk indicators used for the analysis. There are five environmental
indicators (E_scorei ) used, and we denote each as i

Environmental indicators (E-scorei) Definition

1. CO2 Total GHG CO2 emission intensity per sales

2. Energy Energy intensity per sales

3. Water Water intensity per sales

4. Waste Waste generated per sales

5. Recycled Percentage of water recycled

Table 3 Cross-industry comparison of environmental indicators. CO2, energy, water and waste are
reported as total number per sales. For example, CO2 is the total GHG emission divided by sales.
The recycled indicator is in percentage only

Industry average E-scores CO2 Energy Water Waste Recycled

Communications - - - - -

Consumer discretionary 108.94 341.34 113.28 2.69 98.40

Consumer staples 26.59 38.19 - 5.50 -

Energy 70.71 203.19 - 212.48 -

Financials 0.32 10.64 5.23 - -

Health care 4.12 40.56 391.15 2.23 -

Industrials 92.21 224.24 136.93 1.71 10.58

Materials 32.19 469.07 8595.39 1219.57 89.61

Real estate - 3931.59 - - -

Technology 1.67 9.30 354.33 0.71 61.71

Utilities - 4624.05 2749.91 0.04 -

ii. Consumer discretionary and industrials pollute the most in terms of CO2 emis-
sions. This result is consistent with the ones reported in [7]. Working on a com-
prehensive sample of 1600 firms, from 43 countries with data of 2008–2016,
they also found that the industrials and consumer goods sectors are the highest
CO2-emitting industries.

iii. Utilities and real estate are the least efficient in terms of energy use, while
materials and utilities are the least efficient in water usage. This is important in
light of hefty fines and stricter regulation in China due to high water scarcity
and water pollution.

iv. Materials are also the sector with the highest waste per given sales.
v. Overall,materials and utility sector have the highest environmental risk inChina.

While some researchers argue that sensitive industries produce better ESG perfor-
mance [8], it may not be the case in China. Since the overall disclosure is scarce, there
is little incentive for the companies in sensitive industries to disclose and improve
their environmental performance in order to maintain or improve reputation. This
simple analysis has important consequences: Investors looking to put money in these
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sectors need to quantify, price and undertake stress scenarios and proper risk analysis
to understand environmental risk in their portfolios better.

Getting more granular, within sectors, the company environmental performance,
hence indicators (E-score) should be evaluated at a relative horizontal level, i.e., peer
comparison. This is because the central added value of E within the ESG investing
comes from how well the firms managed their industry-specific environmental risk
while controlling for the differences of regulations, market landscape and opera-
tional risk level across industries. Consequently, based on the ESG data provided by
Bloomberg, we normalize each environmental score using the following method:

Sector Normalized E_scorei =
(

Company E_scorei
IndustryAverage E_scorei

)
× 100

Thus, environmental leaders and laggards in sectors could be identified. Except for
% recycled, the larger the level of the score, the higher the level of the environmental
indicators used and therefore the higher the climate risk the company holds.

4 Results and Interpretations

In an attempt to explain the statistical importance of the above environmental (E-
score) indicators on P/E and P/B ratios of the firms listed in ChinaA-shares, we firstly
ranked the stocks of the entities we have chosen in descending order according to
a specific E-score. The lower the E-score, the better is the company managing its
environmental risk and more specifically the physical part of climate5 risk. Two
groups are established by taking out the first quartile (top 25% in the specific E-
score) and the fourth quartile (last 25% in the specific E-score). We then calculate
the mean and the standard deviation for each quartile. Finally, we make use of the
difference in mean methods to conclude whether there is a statistically significant
difference between the two groups/quartiles.

To provide readers with explicit evidence of association on an absolute level,
meaning no sector normalization, we conduct the hypothesis test on the P/E and P/B
levels before normalizations (Table 9 in Appendix 1). The companies are ranked
in descending order in terms of market capitalization. The hypothesis is conducted
within the first quartile and the last quartile of the companies bymarket capitalization.
Interestingly while the difference in the P/E ratios is statistically significant (but not
on P/B), none of theE-scores indicates significant differences. Thismeans that unlike
the ESG ratings, the performance on our environmental indicators is not dependent
on the company’smarket size. This is good news as it shows that normalizing the level
of environmental indicators per given sales, it is neutralizing market capitalization.

5The climate risk we mention here is actually the physical risk as mentioned and measured in the
previous paper.
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4.1 Total GHG CO2 Emission Intensity Per Sales

We start the analysis with total GHG CO2 emission intensity per sales (CO2) versus
the P/E and P/B ratios. Given that some companies do not report any data on this
specific E_scorei , our sample shrinks to 14 companies, 7 with high CO2 versus 7
companies with low CO2 emissions.

Our first hypothesis is as follows:

H0 : Difference in normalized E_Score(CO2)in two groups = 0

H1 : Difference in normalized E_Score(CO2)in two groups �= 0

The t-statistic is evaluated by:

t-statistics = (x0 − x1)√
SD2

0
n + SD2

1
n

where n is equal to seven in this case and the resulting t-statistics on E_Score(CO2)

is 11.26 which is higher than 2.02 (for small sample size). Thus, the null hypothesis
can be rejected at 90% significance level. It can be concluded that E_scoreCO2 is
statistically different among the top 25% quantile and the last 25% quantile.

Similarly, our second hypothesis tests the significance of the mean difference
of P/E and P/B ratios between top versus bottom companies. When comparing the
companies ranked on the top 25% and the last 25% of the E_Score(CO2), the differ-
ence of mean t-statistic on P/E ratio and P/B ratio is −1.38 and −2.05, respectively.
Hence at 90% confidence interval, only valuation captured via P/B is statistically dif-
ferent. From valuation perspective, it indicates that polluting companies have lower
price-to-book ratios.

Table 4 presents t-statistics and top/last quartile stocks in China A-share market
ranked based on CO2 intensity per sales as our chosen environmental indicator. We
analyzed 222 China A-share companies part of the MSCI EM Index. The data are
as of July 2018. The P/E and P/B ratios are normalized per sector. Div. Yid % is
the sector average dividend yield. Government ownership is reported in the third
column. We ranked the companies based on CO2 per given sales normalized per
industry level as well (CO2 industry normalized). We then calculate the difference
of means to find if there is a statistically significant difference between top versus
bottom quartile companies in terms of the environmental indicator and financial
variables presented in the table. We find that the difference of means is significant
in terms of CO2 industry normalized usage, ownership ratio and firm performance
P/B ratio. It is nonetheless not significant for the P/E ratio. The significance of the
difference of means is measured via t-statistic T0 at a confidence interval of 99%,
95% and 90% and represented with (***), (**) or (*), respectively.

Furthermore, there is a statistically significant difference in the ownership ratio
between top versus bottom, implying that the polluters tend to be mostly state-owned
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enterprises, operating in an environment that lacks hard constraints. Thus, the best
strategy is to avoid companies with large state owned as they tend to be the biggest
polluters in GHG emissions and have a lower valuation in terms of P/B ratios.

4.2 Energy Intensity Per Sales

The same methodology as above is used for the next EscoreEnergy ranking that is the
energy intensity per sales. The differences between the top scoring quartile and the
last scoring quartile have again been tested to see if there is statistical confidence for
us to acknowledge the differences.

Table 5 presents t-statistics and top/last quartile stocks in China A-share market
ranked based on energy per sales as our chosen environmental indicator.We analyzed
222 China A-share companies part of the MSCI EM Index. The data are as of July
2018. The P/E and P/B ratios are normalized per sector. Div. Yid % is the sector
average dividend yield. Government ownership is reported in the third column. We
ranked the companies based on energy per given sales normalized per industry level
as well (energy industry normalized). We then calculate the difference of means to
find if there is a statistically significant difference between top versus bottom quartile
companies in terms of the environmental indicator and financial variables presented
in the table. We find that the difference of means is significant in terms of energy
usage and ownership ratio, but not for financial valuation P/E and P/B ratios. The
significance of the difference of means is measured via t-statistic T0 at a confidence
interval of 99%, 95% and 90% and represented with (***), (**) or (*), respectively.

The table shows that energy efficiency seems not to be correlated with valuation,
but once again it is negatively related to government ownership. The higher the
government involvement, the higher the energy inefficiency is.

4.3 Water Intensity Per Sales

When ranked on water intensity normalized per industry, companies ranked on top
quartile spend in average 25 times the water consumed from companies’ position on
the bottom quartile. The difference of the mean is significant at a 99% confidence
interval. Despite this strong result, there is no statistical difference between the two
groups in terms of financial performance or the ownership structure.

Table 6 presents t-statistics and top/last quartile stocks in China A-share market
ranked based on water intensity per sales as our chosen environmental indicator. We
analyzed 222 China A-share companies part of the MSCI EM Index. The data are
as of July 2018. The P/E and P/B ratios are normalized per sector. Div. Yid % is the
sector average dividend yield. Government ownership is reported in the third column.
We ranked the companies based on water intensity per given sales normalized per
industry level as well (water intensity industry normalized). We then calculate the
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difference of means to find if there is a statistically significant difference between
top versus bottom quartile companies in terms of the environmental indicator and
financial variables presented in the table. We find that the difference of means is
significant in terms of water usage, but none of the financial valuation P/E and P/B
ratios including the ownership ratio. The significance of the difference of means is
measured via t-statistic T0 at the confidence interval of 99%, 95% and 90% and
represented with (***), (**) and (*), respectively.

4.4 Waste Generated Per Sales

No significant result is produced when we rank on waste generated per sales. We
believe that lack of results here is a clear outcome related to the tiny number of
companies under analysis.

Table 7 presents t-statistics and top/last quartile stocks in China A-share market
ranked based on waste generated per sales. We analyzed 221 China A-share com-
panies part of the MSCI EM Index. The data are as of July 2018. The P/E and P/B
ratios are normalized per sector. Div. Yid % is the sector average dividend yield.
Government ownership is reported in the third column. We ranked the companies
based onwaste generated per given sales normalized per industry level as well (waste
generated industry normalized). We then calculate the difference of means to find
if there is a statistically significant difference between top versus bottom quartile
companies in terms of the environmental indicator and financial variables presented
in the table. We find that the difference of means is significant in terms of water
usage, but none of the financial valuation P/E and P/B ratios including the ownership
ratio. The significance of the difference of means is measured via t-statistic T0 at the
confidence interval of 99%, 95% and 90% and represented with (***), (**) and (*),
respectively.

4.5 Percentage of Water Recycled

Despite only a handful of companies on each quartile, there seems to be a significant
relationship between recycling and P/B valuation only. There is no association with
ownership, dividend yield or P/E ratios. However, the sample is too small to make
further comments on this variable (Table 8).

Overall, CO2 pollution and energy efficiency enjoy the most robust results. The
least performing companies on energy and CO2 emission (top quartile) are also the
ones characterized by high government ownership and from low financial valuation.

We see no clear relationship between P/E ratios and percentage dividend pay-
out with any of the five E indicators we selected. Our interpretation is that, as an
emerging economy,China sharemarket shows anomalies. Strict constraints, common
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trading suspensions and segmented share classes negatively impact pricing forma-
tion and market liquidity. Additionally, preferential differences of Chinese investors,
valuation and investing process shape the unique Chinese market. The concerns on
environmental issues and sustainable development are still at the very early stage
comparing to the growth prospects. Furthermore, limited dissemination of compa-
nies’ information does not attract the attention of investors and financial analysts.
Hence, the effect of environmental performance may have not substantially inte-
grated into the firm value and may be unable to be reflected on certain valuation
multiples.

5 Concluding Remarks

With the development of ESG investing across the globe and the rising heated discus-
sion on sustainable development led by the Chinese government, the environmental
factors are closely watched both domestically and internationally. At the same time,
the opening up of China A-share market has created a new dimension of complexity
for those who seek to understand the behavior of these factors in the Chinese market.

This paper analyzed 222 companies that are part of MSCI China A-share index.
In light of increased market awareness on climate risk, we studied the relationship
between specific environmental factors and company valuations. For the environ-
mental factors, we use the following indicators: CO2 (total GHG CO2 emission
intensity per sales), energy (energy intensity per sales), water (water intensity per
sales), waste (waste generated per sales) and recycled (percentage of water recy-
cled). To avoid sector biases and the noise in the data, we normalize the score using
the industry average. Similarly, we also normalize the two financial valuation ratios
under consideration, P/E and P/B ratios.

The first-level results show that certain sectors such as consumer discretionary and
industrials are the most polluting in terms of CO2 emissions (utilities not reporting
on this indicator), while real estate and utilities are the least efficient in energy usage.
Utilities top the rank again along materials in terms of substantial water usage. The
figures in waste and recycling are more difficult to compare due to a large number
of companies not reporting on these indicators.
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The second-level analysis ranked the companies on our four environmental indi-
cators, the difference between top quartile companies (the most air, water polluting
and energy inefficient) to the bottom quartile companies (less air, water polluting
and more energy efficient); it is always statistically significant despite the narrow
sample size of 222 companies. More importantly, this difference is not driven by
market capitalization (see Table 9) as one would expect and prove for ESG score in
general, but a lot correlated with % government ownership in these companies.

We see a significant difference in the % government ownership and normalized
financial valuation P/B ratio between high quartile of CO2 and low quartile of CO2.
The same holds true for the energy intensity per sales.

Intuitively, SOEs incline to operate in an environment in which there are no
hard budget constraints. However, on the policy front, we expect environmental law
reforms will set a price on pollution and CO2 emissions. It will introduce more
costs for polluters, which is a particular concern for SOEs that historically shows
3 times higher average value of penalties, and 4% lower average net margins, than
private sector peers according to the [9] report6. Thus, the energy efficiency cannot be
ignored by SOEs anymore. Taken together with regulatory oversight over pollution
across China at this time, these indicators represent a red flag. If the companies
stay unchanged and operate with low efficiency, they are not likely to afford the
increasing costs and would be most impacted by the environmental reforms, which
should arouse investors’ attention.

Our third-level analysis ranks companies according to environmental perfor-
mance. It reveals significant differences between the top tier companies and bot-
tom tier companies. In particular, when controlling per total GHG CO2 intensity
per sales and percentage water recycled, the difference in valuation as captured by
P/B becomes significant. These results speak to the significance of environmental
factors in company valuation in China A-share market and have implications for
asset managers who have committed to the integration of environmental factors in
their investment decisions. Interpretation has been offered and focused on the current
market landscape of China and the investors’ appetite.

On a final note, for China A-share market, the ESG and climate risk literature are
scarce, and the knowledge between financial performance and ESG factors remains
fragmented, onwhich further analysis could be conducted. Picking up on our analysis
and upon the availability of more data, it would be interesting to find the impact of
each of these indicators on the firm cost of equity, cost of debt and risk and finally
explain any related mispricing or just the lack of pricing.

6https://www.msci.com/documents/10199/8b447f98-50bc-4d3d-b3f3-d4000a7084e7.

https://www.msci.com/documents/10199/8b447f98-50bc-4d3d-b3f3-d4000a7084e7
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Besides data, the role of environmental indicators on company’s financials
strongly relates to country effect and industry characteristics. While we try to control
for the later one, by normalizing it, the country effect is relevant given significantly
different regulatory andmarket environments. For example, our expectations are that
highCO2-emitting andwater-intensive companies inChina should be associatedwith
a higher cost of capital and lower valuations than otherwise. Firmly believing that
as these risk factors are not priced in yet, from the asset managers and owner’s per-
spective there is ample room for market opportunities and portfolio enhancements.
This aligns well and should be the base for a smarter and more efficient funding
mechanism toward a low-carbon economy.
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Appendix 1

See Table 9.

Table 9 Cross-industry comparison, China A-share market, pre-normalized valuation multiples

Market cap PE PB CO2 energy Water Waste Recycled

Top
tiera

Average 374782.41 19.49 2.87 24.02 290.04 78.60 2.40 61.71

SD 409536.78 13.81 3.02 52.70 874.31 116.82 2.34 -

Bottom
tiera

Average 22620.78 71.75 2.67 132.19 1585.16 1235.24 60.97 2.39

SD 5400.02 111.27 2.32 179.35 2870.07 1645.90 102.51 -

Ho Market
capb

PEb PB CO2 energy Water Waste Recycled

T-score 6.08 −3.30 0.36 −0.85 −1.09 −1.40 −0.99 -

aIn terms of weightings with respect to MSCI EM Index
bStatistically significant at 95% confidence interval
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Does the “Green” Attribute Affect Green
Bond Pricing? An Empirical Analysis

Jingyan Fu, Jialin Lin and Jueqian Gao

Abstract In recent years, green bond has been developed progressively as a financial
instrument in various capital markets. China has become the world’s second largest
issuer of green bonds. Based on the characteristics of China’s green bond issuance,
this paper examines the influencing factors of green bond issuance pricing in China.
This paper constructs a multiple regression model with a credit spread as a measure
of bond pricing and selects the bonds issued in the Chinese market from 2016–2018
as a sample, focusing on the mechanism and impact of the “green” attribute on
bond issuance pricing. The empirical results show that: (i) the “green” nature of the
bond does not affect the issue pricing but that bonds certified by a third-party green
assessment are more acceptable by the market; and (ii) when the market is stable or
in a rising period, green bonds embed a discount on the pricing while the investors
would pay more attention to their credit risk during a market downturn. The research
in this paper aims to enhance awareness of this emerging green bondmarket of China
and urges the government to improve its guidance for investing in green debt market,
which has meaningful policy implications.

Keywords Green bond · Credit spread · Issue pricing · “Green” attributes

1 Introduction

China is currently in a critical period of ecological, civil construction, and there is
strong demand for funding for economic green development. At the end of 2015,
the People’s Bank of China issued the “Announcement on Issues Related to the
Issuance of Green Financial Bonds in the Inter-bank Bond Market” (People’s Bank
of China Announcement [4] No. 39), launched green financial bonds and officially
launched the construction of China’s green bond market. Subsequently, the National
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Development and Reform Commission, the China Securities Regulatory Commis-
sion, the Interbank Market Dealers Association, the Shanghai Stock Exchange and
the Shenzhen Stock Exchange successively issued a series of documents to promote
the comprehensive development of China’s green bond market in order to meet the
funding needs of green projects and support the development of the green economy.
It plays a pivotal role.

Compared with ordinary bonds, green bond fundraising projects can yield good
environmental benefits, but these need to improve their information disclosures on
the use of the funds raised and the related environmental benefits. Additionally, the
certification assessment is paid by the issuer, which enhances the comprehensive
distribution of green bonds to a certain extent. Furthermore, the environmental ben-
efits consequently generated by green bonds, the related information disclosures and
evaluation and certification results can provide investors with investment decision-
making references, which in turn enable investors to control environmental risks
linked with the investment returns. Therefore, whether investors are willing to adjust
the risk premium requirement for the “green” attribute of bonds and achieve a “win-
win” regarding the environmental and economic benefits (in terms of pricing) is
crucial to promoting the sustainable and healthy development of the green bond
market.

By examining the green bonds issued in China in 2016–2018, this paper empir-
ically tests the factors influencing green bond issuance pricing through multiple
regression models. The study analyses the reasons behind these factors and proposes
relevant policy recommendations. The study results help to refine the relevant sup-
porting policies based on the characteristics of green bonds and to establish amarket-
oriented, long-term development mechanism. This study has certain reference value
for improving the green bond issuance pricing mechanism and for enhancing the
attractiveness of green bonds and the vitality of the green bond market.

2 Status of the Development of China’s Green Bond Market

The European and American green bond markets began in 2007–2008, with the
issuance of green bonds by the World Bank and the European Investment Bank. The
Chinese green bond market began to develop in 2016 with the issuance of the first
green financial bonds by the Shanghai Pudong Development Bank in the interbank
market. Although the Chinese green bond market started late, China has played an
important role in promoting the development of the global green bond market. In
2016, the first year of China’s green bond market, China, became the world’s largest
issuer of green bonds, amounting to 19.83 billion yuan, or 44.69% of the global
green debt market. In 2017, China’s green bond issuance exceeded 200 billion yuan
for the first time, reaching 206.78 billion yuan, which accounted for 15.11% of the
world’s green debt issuance, second only to the USA. In 2018, China’s green bond
issuance amounted to 220.53billionyuan (a year-over-year increase of 6.56%),which
accounted for 18.65% of the global green debt issuance (a year-over-year increase of
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3.54%), still ranking second in the world. In the past three years, China’s green bond
market has developed steadily, and its activity has continued to increase. China’s
green bond market has been characterized by a diverse variety of bonds, good credit
quality of issuers, a high proportion of bonds with green evaluation and certification
and good environmental benefits from fundraising projects.

2.1 Growth of Green Bonds in the Capital Market of China

As the first product of China’s green bond market, green financial bonds play an
important role in promoting market development. With the introduction of a series
of policies by relevant regulatory authorities, the China Interbank Bond Market,
Shanghai Stock Exchange and Shenzhen Stock Exchange have been successively
launched. Relevant green bond products, including green financial bonds, green cor-
porate bonds, green debt financing instruments, green panda bonds and green asset
securitizations, can effectively meet the diverse financing needs of enterprises. The
participation of financial institutions in the green bondmarket has increased. In terms
of the amount of issuance, 128.92 billion yuan in green financial bonds was issued
in 2018, a decrease of 26.08 billion yuan from 2016, and China’s share of the global
green bondmarket fell from78.07% in 2016 to 58.51% in 2018.Meanwhile, financial
bonds amounting to 91.433 billion yuan were issued in 2018, which is an increase of
110.05% over 2016. There were 128 green bonds were issued in 2018, 90 of which
were non-financial bonds, which is an increase of 13.17% over 2016.

2.2 Corporate Green Bond Issuers on a Large Scale

With the promotion and application of green bonds, increasing numbers of financial
institutions and enterprises have issued green bond financing, and the participating
entities have gradually diversified. In 2016–2018, a total of 174 entities issued green
bonds, including 38 green bond issuers in 2016. In 2017, there were 73 green bond
issuers and 67 new issuers. In 2018, there were 99 green bond issuers and 69 new
issuers. From the perspective of ownership, there were 123 state-owned enterprises
among the green bond issuers in 2016–2018, accounting for 70.69%. There were
23 listed companies, accounting for 13.22%, and 22 private enterprises, accounting
for 12.64%. From an industry perspective, a total of 53 financial institutions issued
green bonds in 2016–2018, accounting for 30.46% of the issuers; 121 non-financial
companies issued green bonds, accounting for 69.54% of the issuers. In terms of geo-
graphical distribution, there were 99 (issuers from economically developed regions
such as the eastern coast, accounting for 56.9%, and 75 issuers from other regions,
accounting for 43.1%.
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2.3 Green Bond Ratings

China’s green bond market is still in the initial stages of development with a limited
number of issuers and aggregates, and the fundraising projects are mostly supported
by government policies. Therefore, the green bond ratings are better than the overall
level of the Chinese bond market. At the same time, as acceptance of the green bond
market increased, low-rated issuers and debt were gradually accepted by investors.
Of the green bonds issued in 2018, 39.08%hadAAA ratings,whichwas 19.22% lower
than in 2016, and 4.34% higher than the overall bond market. The AAA debt rating
accounted for 51.82%, which was a decrease of 5.28% from 2016 and 2.25% higher
than the overall bond market. In 2018, the minimum subject rating and debt rating
both sank to A+. In 2016–2018, a total of 39 green bonds issued by 30 companies
increased their debt rating by adding third-party guarantees or by providing collateral.

2.4 Certified Green Bonds on the Rise

With the development of green bonds, the number of green bonds that have obtained
third-party green certification has increased, but the proportion has declined. At the
same time, the participation of various types of institutions has promoted the diver-
sification of China’s green assessment and certification methods, and the evaluation
system has gradually improved. In 2016–2018, a total of 207 green bonds received
third-party green certification, accounting for 67.8%. Of this total, 80 green bonds
were awarded third-party green certification in 2018, 38 more than in 2016 and 4
more than in 2017. This number accounted for 62.5% of all green bonds issued
that year, which was down 23.2% from 2016 and down 3.59% from 2017. Since
2016, 15 different types of third-party organizations have participated in green bond
evaluation and certification work, including accounting firms, professional rating
and certification institutions, energy and environment consulting organizations, and
other academic institutions. The top three organizations conducting green evaluation
and certifications are the Yongan Accounting Firm, the China Bond Credit Rating
Co., Ltd., and the China Energy Conservation Consulting Co., Ltd. The Yongan
Accounting Firm mostly assesses the green bond principles prior to issuance of
green bonds or the certification of green loan principles. China Bond Ratings issues
bond ratings and conducts follow-up assessments of green projects. China Energy
Conservation mainly conducts project analyses and provides specific opinions. The
green assessment and certification method is scientific, and the certification process
is continuously improved. Additionally, green bonds are continuously adapting to
domestic and international issuance standards.
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2.5 Green Bonds Supporting a Wide Range of Areas
and Clean Energy Projects

In 2016–2018, the green bonds issued by different types of businesses in China have
covered the six categories of green projects in the Green Bond Support Project Cat-
alogue (2015 Edition), indicating a broad diversity in the types of projects. In 2016–
2018, non-financial green projects raised a total of 18.038 billion yuan, of which
clean energy projects accounted for the highest proportion (approximately 36.38%).
Of the remaining funds, 16.64%were invested in clean transportation projects, 14.9%
in pollution prevention and control projects, 14.05% in energy conservation projects,
10.12% in resource conservation and recycling projects and 5.1% in ecological pro-
tection and climate change adaptation projects. In addition, 2.83% of the funds raised
could not be categorized due to unclear information in the disclosures.

3 Research Design: Factors Affecting the Pricing of Green
Bond Issuance in China

Multiple regression models are commonly used to study bond pricing issues. Merton
[3] proposed the credit risk structure model of securities pricing based on the option
pricing model proposed by Black and Scholes [1]. Jarrow and Turnbull [2] priced
bonds with a risk-free part and a default risk part and established a simple model of
credit risk, which further enriched securities pricing theory. Relevant research shows
that bond pricing is ultimately reflected in the risk–reward ratio required by investors,
and the multiple-regression model can be used to analyse bond pricing.

When analysing the green bonds issued in 2016, Yao Minglong proposed that
green bonds should have a discount on the issue rate. Empirical analysis proves that
issue size, issue period, registered capital, return onnet assets andmarket interest rates
affect the discount rate for green bond issuance interest rates.WangXiaoling used the
69green bonds issued in 2016 and2017 as a sample. The regressionmodel proved that
the benchmark interest rate, rating and third-party certification significantly affected
the pricing of green bond issuance. The bond maturity had no significant impact on
the pricing of green bond issuance. Research by domestic scholars on green bond
pricing mainly uses the issued green bonds as a sample and analyses its influencing
factors throughmultiple regressionmodels. There is little comparison between green
bonds and ordinary bonds, and little analysis of the impact of the “green” attribute
of green bonds on the pricing of offerings.

Based on the existing domestic and international research, this paper uses the
risk–return ratio (credit spread) to measure the pricing level of bonds and further
breaks down the influencing factors of credit spreads into default risk (credit risk),
expected liquidity risk and bond features, and selects the corresponding indicators
to construct a multiple regression model. The bonds issued in the Chinese market in
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2016–2018 were selected as samples, focusing on the mechanism and impact of the
“green” attribute on bond issuance pricing.

3.1 Definition of Spreads

Considering that China’s bonds are mainly issued at low prices and that domestic
and international researchers all use government bond yields as a risk-free bond
yield, the formula for bond issuance pricing is simplified as: the issue price (the
coupon rate R) = the national debt yield (RND) + credit spread (�R). Considering
that the credit spread can reflect the value of a bond investment, this influencing
factor is also the core factor in determining the bond issuance price. Therefore, this
paper uses the credit spread as a dependent variable to measure the bond issue price.
According to the principle of matching time and term, we compare the bond yield
curve (expiration) of the China Bond and obtain the credit spread of each bond (�R).

�R = R − RND

Among these variables, RND represents the same or similar period of government
bond yield on the day of each bond issue. That is, if there is no bond yield for the
same period, this value is calculated according to the government bond yield with
the adjacent longer term. For example, the government bond yield corresponding to
the 2-year bond is based on the 3-year bond yield on the day of issue.

3.2 Model Design

Based on theoretical analysis and practical experience, we construct a multiple
regression model to estimate the credit spread of bonds:

�R = β0 + B1CR+ β2IS+ β3DM+ β4GB+ β5TPC+ ε

The independent variables in the model are as follows:

i. Subject rating (CR), qualitative indicators, drawing on the common practice at
home and abroad, assigning the bond issuer’s subject rating to AAA = 1, AA+=
2, AA = 3, AA− = 4, A+ = 5. A larger value indicates a lower rating.

ii. The issuance scale (IS) and quantitative indicators are the actual issuance amount
of the bonds.

iii. The bond term (DM), the quantitative indicator, is the actual term of the bond
and is standardized in “years”.

iv. Whether it is a green bond (GB): a qualitative indicator, “yes” is taken as 1 and
“no” is taken as 0.
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v. Whether a third-party green certification (TPC) is obtained: a qualitative
indicator “yes” is taken as 1 and “no” is taken as 0.

3.3 Research Hypothesis

The purpose of this paper is to explore the impact of the “green” attribute of green
bonds on the bond issuance price and to combine the practical experience and related
literature results to propose the following construction for empirical testing.

Hypothesis 1: Credit spread is positively correlated with bond issuer credit risk.
This paper uses subject rating (CR) as an important indicator to measure the issuer’s
credit status. The poorer the ability of the issuer to perform the subject rating is, the
higher the risk return required by the investor is.

Hypothesis 2: Credit spreads are positively correlated with expected liquidity
risk. This paper uses the issue size (IS) and bond maturity (DM) as an important
indicator to measure the expected liquidity risk. The larger the scale of issuance
is, the wider the range of investors holding the bond is. The higher the liquidity of
the bond and the stronger the issuer’s ability to finance are, the more investors are
willing to accept lower credit spreads. From the perspective of bond maturity, due to
the long investment cycle of green projects, the longer the bond term is, the higher
the liquidity matching of green bond investment projects is. The lower the liquidity
risk is, the more investors are willing to accept lower credit spreads.

Hypothesis 3: Credit spreads are inversely related to the “green” attributes. This
paper selects third-party green certification (TPC) of green bonds (GB) as an impor-
tant indicator for measuring the “green” attributes. According to the previous analy-
sis, China’s green bondmarket is dominated by financial institutions and state-owned
enterprises. Green bond ratings are better than the overall market level, and green
bonds are strongly supported by state and local governments. Therefore, investors are
willing to reduce credit spreads for green bonds. The third-party green certification
endorses the “green” nature of the bond, and its issuer’s qualifications are generally
better than that of an uncertified green bond issuer. Bonds with green certifications
have clearer environmental risks and benefits of the investment project. Information
disclosure is better and can alleviate information asymmetry. Therefore, investors are
willing to accept lower credit spreads for bonds with third-party green certifications.

3.4 Sample Selection

This paper selects corporate bonds, debt financing instruments and financial bonds
issued in the Chinese bond market in 2016–2018 as research samples. The data come
from the Wind database and are screened according to the following criteria. First,
for sample comparability, the green and non-green bonds (of the same type) issued
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on the same day during 2016–2018 were selected as samples, and the remaining
bonds were deleted. Second, taking into account the differences in bond pricing
systems, policy-based financial bonds and asset securitization products were elimi-
nated. Third, taking into account the integrity of information disclosure, private debt
and targeted financing tools were eliminated. Fourth, since only five green, short-
term financing bonds and green panda bonds were issued in 2016–2018, these were
excluded in order to avoid the impact of extreme data. Fifth, bonds without subject
ratings were eliminated.

To observe the impact of the “green” attribute on the bond issue price during
the bond market’s rising, stationary and down periods (per the China Bond China
Green Bond Index), the overall sample was processed and analysed. The bonds
issued from November 2016 to January 2018 are classified as market down-period
bonds; the bonds issued from January–October 2016 and February–December 2018
are classified as market upswings or stationary bonds.

4 Analysis of Empirical Results

Using the Stata software, we find that there is aweak correlation between the explana-
tory variables affecting �R, so it is suitable to use them to analyse the contribution
of each of the explanatory variables �R. The empirical tests led to the conclusions
presented below.

4.1 The “Green” Attribute of Bonds Does not Affect the Issue
Pricing, and Bonds with Third-Party Green Certifications
Are Better Accepted by the Market

From the multivariate regression results in Table 1, it can be seen that the main
body rating, total issuance and bond maturity passed the 1% significance-level test,

Table 1 Overall results from the sample regression analysis

Risk premium Coefficient Standard error T value P value

Subject rating 0.190897 0.009166 20.83 0.000

Total issue −0.00712 0.000649 −10.96 0.000

Bond term −0.05943 0.006961 −8.54 0.000

Whether green bonds −0.06276 0.099478 −0.63 0.528

Whether third-party green assessment
certification

−0.4391 0.137165 −3.20 0.001

Observations 5485
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indicating that the credit risk of the bond and the expected liquidity risk have a
significant impact on the credit spread. Among these factors, the subject rating is
positively related to the credit spread, indicating that the higher the subject rating is,
the lower the risk premium required by investors is. The issue size, bond maturity
and credit spread are negatively correlated, indicating that the greater the expected
liquidity risk is, the higher the risk premium demanded by investors is. The empirical
results are basically consistent with Hypothesis I and Hypothesis II.

However, the coefficient of green bonds did not reach a 1% level of significance.
There is no strong correlation between green bonds and credit spreads, indicating that
investors will not reduce risk premium requirements for green bonds. The empirical
results are inconsistentwith the assumptions for three green bonds. There is a negative
correlation between third-party green certification and credit spreads, indicating that
market investors aremorewilling to accept green bondswith third-party certifications
to appropriately reduce risk premium requirements.

4.2 In a Market that Is Stable or Rising, Green Bonds Have
a Discount on the Issue Rate. in a Down Period
for Markets, Investors Pay More Attention to Credit Risk

The regression results for stable, rising and declining bond markets are presented in
Table 2. When the bond market is stable or rising, the main body rating and the total
issuance pass the 1% significance level test. The subject rating is positively related
to credit spreads, and the total amount of issuance is negatively correlated with credit
spreads, which is basically consistent with the regression of the overall sample. The
bond maturity did not pass the significance test, and investor attention to the bond
maturity declined during this period.

Unlike the overall sample regression results, the bond market is stable or rising.
Whether a bond is “green” passed the significance level test (at the 1% level) and is
negatively correlated with the credit spread when it has a third-party green certifica-
tion. The impact of the spread is not significant, indicating that investors have higher

Table 2 Sample regression analysis results for Jan–Nov 2016 and Feb–Dec 2018

Risk premium Coefficient Standard error T value P value

Subject rating 0.172886 0.012958 13.34 0.000

Total issue −0.00516 0.000824 −6.27 0.000

Bond term −0.00149 0.010037 −0.15 0.882

Being qualified as “green” bond −0.38721 0.129561 −2.99 0.003

Whether third-party green assessment
certification is obtained

−0.1665 0.171972 −0.97 0.333

Observations 1891
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Table 3 Regression analysis results of samples from Dec 2016 to Jan 2018

Risk premium Coefficient Standard error T value P value

Subject rating 0.193341 0.01211 15.96 0.000

Total issue −0.0085 0.000911 −9.33 0.000

Bond term −0.08453 0.0091 −9.29 0.000

Whether green bonds 0.087343 0.137335 0.64 0.525

Whether third-party green assessment
certification

−0.56257 0.194907 −2.89 0.004

Observations 3594

acceptance of green bonds during this period, and green bonds have a discount on
the issue rate. Investor demand for “green” information disclosure on green bonds
has declined, weakening the investment behaviour of “excellent selection” in green
bonds.

From the regression results in Table 3, it can be seen that during a period of
market decline, the regression results are basically consistent with the overall sample
regression results, and the subject rating and the third-party green certification have
higher coefficients, indicating that credit spreads are more sensitive to the above
factors during a market decline. Investors pay more attention to bond credit risk and
green information disclosure during a market decline and choose green bonds with
better investment qualifications.

5 Concluding Remarks

5.1 Current Status

The research results in this paper show that, first, at present, China’s green bond
market is still in an initial stage of development. When investing in green bonds,
investors still follow the traditional approaches for investing in ordinary bonds. The
investment process focuses on bond credit risk and liquidity risk. Green bonds would
derive the overall bond risk by potentially reducing environmental risks. However,
the advantage of risk reduction has not been effectively recognized by investors.

Second, there is a “preferential” investment phenomenon in the process of invest-
ing in greenbonds.Third-party green certification can enhance the credibility of green
bonds, improve the transparency of green information disclosure and provide impor-
tant investment decision-making references for investors lacking environmental
expertise.

Third, the market acceptance of green bonds is affected by bond market fluctua-
tions. When the market is rising or stationary, investors are more willing to invest in
green bonds and to moderately lower the risk premium requirement. The green bond
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“selected” investment phenomenon isweakened. Investors are concerned about risks,
expected liquidity risk, etc. and are reluctant to reduce risk premium requirements
for green bonds. Investors have strengthened their green bond “preferred” investment
behaviour.

5.2 Recommendations

5.2.1 Cultivating Professional Green Investors and Increasing Market
Awareness of Green Bonds

The first recommendation is to improve publicity and training regarding green bonds,
raise the stakeholders’ awareness of green bonds and enhance investor awareness of
green investment. The second recommendation is to support the establishment of
green bond asset management products. The funds raised must be used to invest in
green bonds and provide some support for the establishment of an approval pro-
cess for green asset management products to increase the enthusiasm of financial
institutions for participation in green bond investment. The third recommendation
is to give certain tax benefits to income from green bond management products and
investment in green bonds and to reduce the cost of investing in green bonds. Fourth,
the green investment-related indicators should be used as reference indicators for the
supervision and evaluation of financial institutions, such as fund companies, banks
and insurance companies, and encourage financial institutions to increase investment
in green bonds. The fifth recommendation is to accelerate the opening of the bond
market and to introduce foreign, professional green bond investment institutions to
stimulate demand in the green bond market.

5.2.2 Improving the Green Bond Certification System and Its
Credibility

First, provide government subsidies for green certification fees to encourage more
green bonds to obtain the certification, improve themarket acceptance of green bonds
and thereby reduce the cost of green bond financing. The second recommendation
is to study and establish green certification standards to enhance the credibility of
the certification, improve the efficiency of the certification workflow and reduce
the certification cost. The third recommendation is to strengthen supervision, stan-
dardize the development of green assessment and certification institutions, enhance
self-disciplined management, promote the green evaluation and certification mar-
ket and improve the independence, effectiveness, scientific and objectivity of green
assessment certification.
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5.2.3 Establishing a Green Bond Credit Mechanism to Mitigate
the Impact of Market Volatility on Green Bond Financing

First, local governments (with conditions) can pilot the establishment of a green
bond financing guarantee fund, which will provide a certain amount of risk-sharing
for the green bonds issued by enterprises within the jurisdiction, and release the
credit risk of green bonds. Second, local governments can encourage state-owned
financing guarantors to provide guarantee services for green bonds and increase
the green bond rating through credit enhancement measures, thereby reducing the
cost of green bond financing. The third recommendation is to develop a green bond
credit risk derivatives market, encourage financial institutions to create credit risk
mitigation and risk protection tools for green bonds, achieve green bond credit risk
and investor risk preferences, and provide a comprehensive protection mechanism
for green bond financing. These measures will help mitigate the impact of market
volatility on the issuance of green bonds.
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Financing Water Treatment
in Guangdong Province Based
on the PPP Mode
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Abstract The establishment of comprehensive water treatment system is an impor-
tant part of China’s recent urbanization and ecological civilization construction. The
extreme lack of water resources, the serious pollution of water sources, as well as the
high risk and complex technical requirements determine the salience and urgency
of investing in water treatment infrastructures. At the same time, the water treat-
ment projects generally require large investment amounts and extended investment
recovery periods. Both construction and operations of these projects are considered
complicated. Therefore, innovative water treatment investment and financing mode
are imperative. In this context, the use of private capital to alleviate the financial
pressures of local governments and the new financing mode of multi-participation
in environmental governance is advocated. Public–private partnership (hereinafter
referred to as PPP) has particularly been receivingmore attention in recent years. The
main purpose of this paper is to analyze the effectiveness of PPP financing methods
in the implementation of water treatment in Guangdong Province and to exemplify
the PPP mode as a reference for the healthy development on the basis of government
guidance, social participation and market operation. It demonstrates an alternative
approach to achieving multi-dimensional governance of water and promoting the
sustainable development of both the economy and society in Guangdong Province.
The overall infrastructure for sustainable energy development can be complemented
by building up water treatment infrastructures that foster sustainability.
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1 Introduction

The rapid development of Guangdong’s economy has made environmental pollution
increasingly serious, mainly including air pollution, water pollution and soil pollu-
tion. Guangdong Province is located in South China, and its northern region is sub-
tropical. The southern region has a tropical climate with abundant precipitation and
abundant light and heat resources. According to statistics, there are about 600 main
streams and tributaries in Guangdong, including Zhujiang, Hanjiang, Moyangjiang
and Jianjiang. Although Guangdong as a province has a relatively sophisticated
system of atmospheric governance, such as the promulgation of the “ten gas regu-
lations” and the establishment of the “carbon trading” system, the water treatment
facilities are still in the exploratory experimental stage and have not formed a mature
management system.

Traditionally speaking, the environmental governance system is based on admin-
istrative control, and the market is auxiliary. In addition, because the parties pay
different attentions in environmental governance, they will inevitably prefer their
own preferences in operational management. It is difficult for the government to
effectively balance the interests of all parties while taking more risks in the gover-
nance process. The introduction of PPP, a new financing method in public facilities
construction projects, arranges financing according to the expected income, assets
and government support measures of the project, which not only conforms to China’s
macroeconomic policies, but also enables more social capital to actively participate
in the project. It can also absorb private enterprises, joint ventures and individuals
to contribute more advanced and efficient management methods and technologies to
the construction of public facilities, to achieve the long-term goal of sharing risks
and sharing benefits between the government and the society, and to better serve the
society.

The water treatment industry generally requires large investments, high fixed
costs and long payback periods, so there are also very strict requirements on capital
operation capabilities. The PPP mode is used in industries with high investment,
high cost and long return on investment. The water quality improvement project in
Guangdong Province can replace the traditional fund supply mode with PPP mode.
The financing advantage reflects the development of multi-common governance. The
path also provides new ideas, new directions and new impetus for water treatment in
Guangdong Province.

2 Literature Review

Abednego and Ogunlana [1], Lee and Schaufelberger [4], Teller and Kock [11] use
different empirical analysis methods to study investment risk issues in PPP projects.
Mansor and Rashid [5], under the premise of affirming the Private Finance Initiative
(PFI), combined with the PFI contract background, critically reviewed the integrity
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of the PFI contract, analyzed the causes of the incomplete contract, and proposed
relevant countermeasures. Shrestha et al. [8] also pointed out through the differential
analysis that there is a big gap between the government and the private sector in the
sensitivity of PPP project financing risks, and the differentiation mechanism should
be developed accordingly when evading project risks. Moszoro and Gasiorowski [6]
based on the Pareto optimal theory, through the analysis of the cost and financing
structure of PPP projects, combined with practical cases to provide a reference for
the development of PPP.

In terms of case studies, Siemiatycki [9] summarized the PPP project in the UK
from 1987 to 2009 and found that the implementation of the PPP project has both
positive and negative effects: On the one hand, the parties involved in the PPP
project have cooperated many times. Conducive to reducing transaction costs can
also encourage innovation; on the other hand, the more stable trading relationship
between the participants in the market helps to reduce competition, which in turn
leads to increased costs and quality. Schuyler House [7] provides a powerful guide to
how to strengthen the quality of regulation of rules and relationships through case-
by-case analysis. Tawalare and Balu [10] selected two polar water supply projects,
one under public–private partnership (PPP) and the other under direct government
funding, compared to government-funded. The continuous water supply project per-
formed well, and it is recommended to strengthen the management of PPP projects.
Kim and Choi [3] explored the expected benefits of large-scale construction projects
based on contractual guarantees through an analysis of the implementation experi-
ence of the New Matsushima City project in Korea (known as the world’s largest
private sector PPP project). The project was found to be slightly less effective than
its theoretical assumptions, and project implementation was more challenging for
the private sector. Fuest and Haffner [2] analyzed the impact of policy changes on
the financial, technical and managerial aspects of Ghana’s semi-state water company
(GWCL) participation in the construction of rural water supply PPP projects.

From the above-mentioned literature on the theoretical research and practical
experience analysis of the PPP mode, it can be seen that the PPP mode is involved
in all walks of life in the field of public infrastructure, and some areas have been
more maturely applied, but for PPP in water There is a lack of special research on
technical and management requirements in environmental governance.
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3 Application Status of PPP Mode in Water Treatment

3.1 Application Status of PPP Mode in China’s Water
Treatment

3.1.1 Large Investment Scale of PPP Projects

Since the introduction of PPP into China’s urban construction, the PPP financing
mode has developed rapidly in the construction and operation of China’s infrastruc-
ture. According to the data provided by the PPP Integrated Information Platform,
from 2012 to 2017, there are 94 PPP projects for the comprehensive management
of water pollution that have been completed and under construction or operation
nationwide, with a total investment of 209 billion yuan. These PPP projects are
mainly distributed in relatively densely populated areas such as Beijing, Shandong,
Henan, Guizhou, Anhui and Guangdong. The number of projects and investment
accounted for 63.8% and 60.2%, respectively. Judging from the funds invested in the
project, among the 94 PPP projects mentioned above, projects with an investment
of over 100 million yuan accounted for more than 97%, mainly concentrated in the
field of comprehensive river basin management, except for two pure river channel
management projects with an investment of less than 100 million yuan. In addition,
the average investment of other PPP projects exceeds 2 billion yuan.

3.1.2 Growing PPP Project Operations

There are three batches of PPP projects listed in the list of PPP demonstration projects
after the organization of the Ministry of Finance from 2014 to 2015. There are 752
projects, ofwhichmunicipal public utilities have the largest number of projects, about
00; science and technology projects have the least, less than ten. The distribution of
demonstration projects in seven regions of the country is as follows: First, among all
the demonstration projects in the warehouse, Huazhong, East China and Southwest
China have the largest number of projects, 153, 152 and 123, respectively. Second,
there are 45 in Northeast China, 186 projects involving water construction, and
relatively more water projects in East China, Central China and Southwest China.
There are 40 in East China, 34 in Central China and Southwest China. There are only
seven water projects in Northeast China.
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3.2 Application Status of PPP Mode in Water Treatment
of Guangdong Province

According to documents issued by theGuangdongProvincialDepartment of Finance,
in 2014, in the third wave of the development of China’s PPP mode, Guangdong
Province officially launched the PPP project. In practice, the PPP mode is being
continuously accelerated to the infrastructure construction projects in Guangdong
Province.

In thePPPmode, the investment ismainly concentrated onbridges, roads and other
projects. The investment in water treatment has gradually increased since 2015. This
phenomenon can be seen from the statistics of the first three batches of PPP demon-
stration projects in the water treatment. It can be seen as follows: First, among the
first three batches of demonstration projects announced by the Ministry of Finance,
the first batch does not include water treatment projects. The main reason for this
phenomenon is that the PPP mode has not been officially introduced into the water
treatment field inGuangdongProvince at the initial stage of the demonstration project
library. Second, in 2015, a total of four PPP projects in the province were selected for
the second batch of PPP demonstration projects of the Ministry of Finance. These
water treatment projects are mainly concentrated in the construction of water supply
facilities. Maoming City and Jiangmen City of Guangdong Province, respectively,
put in a water supply project. The investment in the water supply project in the Shui-
wan District of Maoming City was relatively large, totaling 1.137 billion yuan. The
PPPwater treatment project in Guangdong Province was gradually developed. Third,
in 2016, a total of 18 projects in Guangdong Province were selected into the third
batch of PPP demonstration projects of the Ministry of Finance, and the investment
amount has also increased greatly. Among them, four cities were involved in the
field of water treatment and PPP demonstration in the field of water treatment. These
projects were mainly concentrated in Shantou City (3), Jiangmen City, Maoming
City and Meizhou City (one in each of the three cities). This shows that the develop-
ment of PPP mode in various regions of Guangdong Province is not quite balanced
(Fig. 1).

In order to understand more clearly the development of PPP projects in water
treatment in Guangdong Province, Table 1 details the implementation areas, project
names and project investment amounts of the demonstration projects in the water
treatment in Guangdong Province mentioned above. It can also be seen that in the
water treatment of Guangdong Province, the PPP projects are mainly concentrated
in Shantou City. The main projects are the construction of sewage treatment plants
and also involve water conservancy projects.

The increasingly mature development of PPP mode in China has made it play an
increasingly important role in the field of water treatment. Therefore, the state has
continuously introduced new policies to support and encourage the development of
PPP projects, including the implementation of PPP projects, the establishment of
supporting financial services, the improvement of supervision mechanisms, and the
design andmaintenance of the overall operational management system of the project.
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Fig. 1 Distribution of PPP demonstration projects in Guangdong Province. Source List of
PPP demonstration projects of the Guangdong Provincial Government and the Social Capital
Cooperation Center

3.3 Policy Analysis on the Introduction of PPP Mode
in the Water Treatment

The increasingly mature development of PPP mode in China has made it play an
increasingly important role in the field of water treatment. Therefore, the state has
continuously introduced new policies to support and encourage the development of
PPP projects, including the implementation of PPP projects, the establishment of
supporting financial services, the improvement of supervision mechanisms and the
design andmaintenance of the overall operational management system of the project.

Table 2 summarizes the documents related to the use of PPPmode to participate in
water treatment, mainly reflecting the following three points: First, China’s applica-
tion of PPP mode in the water treatment began in 2015, and it has a deep implication
since the introduction. The release of several official documents has introduced the
PPP mode for water treatment projects. Second, in 2016, the country’s application of
PPP mainly focused on soil pollution and old-age services, and there were few poli-
cies and regulations on water treatment for operating PPP mode. Third, although the
state has actively introduced regulations and regulations to introduce social capital
and promote environmental pluralism, there are no policies that specifically address
PPP projects in the water treatment.

The development of municipal projects under the PPP mode is inseparable from
the support and supervision of local government policies and regulations. Effective
policies are a powerful tool for the successful operation of PPP projects. The Guang-
dong Provincial Government attaches great importance to the PPP project. After the
establishment of the Guangdong Provincial Government and the Social Capital Cen-
ter in 2014, it has also issued relevant documents to encourage the implementation,
support and supervision of the PPP mode to participate in water treatment.

Table 3 summarizes the documents on the application of PPP mode in water treat-
ment, which mainly reflects the following three information: Firstly, the application
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Table 1 First three batches of demonstration projects for water treatment in Guangdong Province
announced by the Ministry of Finance

Number Area Project Total investment (100
million yuan)

1 Maoming City Water supply project of
Shuidongwan City,
Maoming City

11.37

2 Jiangmen Jiangmen urban
emergency standby water
source and water supply
facilities project

2.75

3 Chaonan District,
Shantou City

Chaonan, two British
grids and one sewage
treatment plant
construction and
renovation marked a
mention

4.51

4 Chaonan District,
Shantou City

Chaonan District three
sewage treatment plants

6.80

5 Chaoyang District,
Shantou City

Three sewage treatment
plants in Chaoyang
District, Heping, Tonglu
and Guanyu

8.76

6 Meizhou City Guangdong Hanjiang
Gaochun water control
project

6.16

7 Yunan County, Yunfu
City

Junan County whole
county domestic sewage
treatment bundled PPP
project

5.03

Source List of PPP demonstration projects of the Ministry of Finance and the Government and
Social Capital Cooperation Center in 2015 and 2016

of PPPmode in water treatment field in China started in 2015 and has been paid more
attention since its introduction. Many documents published continuously mentioned
the introduction of PPP mode in water treatment projects. Secondly, in 2016, the
application of PPP was mainly concentrated on soil pollution and pension services,
and there were few policies and regulations on water treatment of PPP operation
mode. Third, although the state has also actively promulgated regulations and reg-
ulations to improve the introduction of social capital and promote environmental
pluralism, there is no specific policy or policy enactment for PPP projects in the field
of water treatment.



216 J. Fu and S. Guo

Table 2 Document of the national level PPP mode for water management in 2015–2017

Release time File name Main content

April 2015 Water pollution prevention action
plan

Promote diversified financing and
guide social capital investment.
Promote equity financing, project
income rights, franchise rights and
other pledge financing guarantee
methods and expand financing
channels

April 2015 Implementation opinions on
promoting government and social
capital cooperation in the field of
water pollution prevention and
control

Require all levels of government,
financial departments and
environmental protection
departments to strengthen
organizational management, actively
coordinate and coordinate and
establish an effective monitoring
mechanism for PPP projects

October 2015 Opinions of the general office of the
state council on promoting the
construction of Sponge City

Further promote government and
social capital cooperation,
franchising and other modes,
encourage and absorb the
construction of social capital
investment sponge city

October 2016 Opinions on further encouraging and
guiding private capital to enter the
urban water supply, gas, heating,
sewage and waste treatment industry

Encourage private capital to
participate in the construction and
operation of municipal public
facilities through government and
social capital cooperation mode, and
do a good job in supporting financial
services for municipal project PPP
mode

June 2017 Guiding opinions on innovating the
institutional mechanism of rural
infrastructure investment and
financing

Encourage the introduction of social
capital into rural infrastructure
construction and encourage local
governments to use special bonds to
support rural water supply and
sewage treatment facilities

July 2017 Notice on the full implementation of
PPP mode for wastewater and waste
treatment projects participated by the
government

Encourage the full implementation of
the PPP mode in the field of sewage
and garbage disposal and implement
the PPP project in a comprehensive
and effective manner

(continued)
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Table 2 (continued)

Release time File name Main content

August 2017 2017 water pollution remediation
work program

Strengthen financial security,
increase financial input and actively
promote the market-oriented
investment and financing mode of
government and social capital
cooperation

February 2018 Guiding opinions on establishing and
improving a long-term mechanism
for ecological compensation and
protection in the Yangtze River
economic belt

Encourage the establishment of
diversified investment and financing
mechanisms for government, market
and private participation, guide social
capital to actively participate in
ecological environmental protection
and stabilize the income and
expectations of ecological and
environmental PPP projects

Source Documentary of the People’s Government of the People’s Republic of China

4 Chang’an River PPP Project Case Analysis

4.1 Background

4.1.1 Demand for Improvement of Water Quality in Binhai New
District

The originally planned Chang’an New District is located in the south of Chang’an
Town. The new district is dedicated to building a marine culture experience city and
a multi-industry innovation center. However, according to the historical data of the
Dongbao River flooding, there has been upstream mountain flooding in recent years.
The flood problem is the main constraint to the economic development of Chang’an
Town. The water pollution further limits the development of the green economy
in the new district. At the same time, the demand for water pollution control by
society and residents is very urgent. The Dongguan Municipal Party Committee and
Municipal Government have actively made work arrangements for water control and
environmental protection before this. For example, in November 2016, theMunicipal
Party Committee andMunicipal Government held an environmental protection work
conference to emphasize the importance of environmental protection work and put
forward effective controlmeasures; in January2017, the use ofwater pollution control
work site will enhance environmental awareness. However, such implementation is
not expected to swiftly improve the status quo of water pollution.

The implementation site of the Chang’an River Project is located in the northeast-
ern part of the Binhai New Area. It spans the tidal flat culture pond and links with
Mosha River and Maozhou River. The total investment is about 680 million yuan.
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Table 3 Documents on PPP mode of water treatment in Guangdong Province, 2015–2017

Release time File name Main content

July 2014 “Opinions of the general office of
the people’s government of
Guangdong Province on promoting
the development of energy
conservation and environmental
protection industry”

For the treatment of urban sewage
and domestic garbage, expand
investment and financing channels,
such as supporting energy-saving
and environmental protection
enterprises to issue bonds,
short-term and medium-term notes,
encourage and guide social capital
and private capital to participate in
energy conservation and
environmental protection

June 2015 Implementation opinions of the
Guangdong Provincial people’s
government on accelerating the
construction of urban infrastructure

Encourage the establishment of
multi-participating investment and
financing channels and encourage
social capital to actively participate
in the investment and operation of
public welfare urban infrastructure
(emphasis on waste water treatment
industry)

July 2015 Notice of the Guangdong Provincial
department of environmental
protection on printing and
distributing the water quality
comprehensive improvement plan of
the Xiaodongjiang River Basin
(2015–2020)

Encourage government and social
capital cooperation as a PPP mode to
raise funds for environmentally
friendly infrastructure such as
sewage treatment in the
Xiaodongjiang River Basin.
Encourage large peripheral
enterprises to invest more in the
comprehensive improvement of the
water quality

December 2015 Notice on the implementation plan
of the water pollution prevention
action plan of Guangdong Province

Encourage the development of
sewage, garbage treatment and
industrial parks, including
government design and equipment,
equipment, engineering,
commissioning, maintenance and
management

December 2016 “Dongguan City environmental
pollution prevention and control
overall implementation plan
(2016–2020)”

Improve government and social
capital cooperation mechanisms,
further encourage social capital to
participate in key areas such as
eco-environmental protection,
government investment projects can
give priority to social capital, or give
priority to projects that introduce
private capital

(continued)
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Table 3 (continued)

Release time File name Main content

May 2017 “Guangdong province action plan
for South Guangdong water
clearance (revised) (2017–2020)”

Encourage the introduction of PPP
mode in key sewage treatment,
waste disposal and other
environmental protection to promote
“water-saving clean water is
everyone’s responsibility,” the whole
idea of the people involved in water
quality improvement work

Source Regulations published by the official website of the Guangdong Provincial People’s
Government in 2018

The water quality survey results of the Environmental Protection Agency in 2015
showed that the water quality of theMaozhou River Dongguan section was poor, and
it has been reduced to the surface water V level. The task of improving water quality
is very arduous. After the active management of the local government and all parties,
by the end of 2016, the progress of pollution control in the Maozhou River Basin
was very smooth. The water quality of the main stream of the Maozhou River was
significantly improved compared with the same period of last year, and the main pol-
lutant indicators were reduced, such as ammonia nitrogen and total phosphorus. The
decline was 47.7 and 36%. However, the sewage treatment work cannot be relaxed,
and it is still the key work to develop the economy of the Binhai New Area. The
construction facilities of the Chang’an River Project are an important measure to
rectify the water pollution of the Maozhou River Basin and comprehensively purify
the water ecology.

4.1.2 The Demand for the Investment and Financing System
in the Binhai New Area

According to preliminary estimates, from development to construction (including
infrastructure construction costs), more than 18 billion yuan of funds are needed,
and the capital needs are enormous. 2016 Chang’an Town Government Work Report
shows: In 2015, the disposable fiscal revenue of Chang’an Town increased from
1.31 billion yuan in 2010 to 2.36 billion yuan, an increase of 79.7%. In addition,
according to the local government plan, in the “Thirteenth Five-Year Plan” period,
Chang’an Town plans to invest another 5 billion yuan to accelerate the construction
of the “one network, two plants and three rectifications” project, and the construction
of the three phases of the near, medium and long term. Improve the water quality of
the Maozhou River Basin and achieve the town-wide water control target by 2020,
thereby promoting urban renewal and increasing urban attractiveness. If only local
governments raise funds, the investment of more than 20 billion will put a lot of pres-
sure on local finances. Therefore, the former Chang’an New District Management
Committee took the lead in setting up Chang’an New Area Holding Company as
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the financing platform and business entity for the development and construction of
the new district, and jointly established a construction platform with Dongshi Group
(shared in Chang’an New Area Holding Group, which holds 30% of the shares).
Jointly, promote the development of new areas.

Therefore, the pilot project of new urbanization in Dongguan pointed out that it
is necessary to establish a PPP-based investment and financing mode in 2017, and
gradually improve the budgetary fund management and financial subsidy system to
support it and jointly serve the new urbanization. On December 28, 2016, the former
Chang’an NewDistrictManagement Committee, Chang’an NewAreaHoldings Co.,
Ltd. and Dongguan Yuanqing Investment Co., Ltd. jointly signed the contract for the
PPP project of Chang’an River Project. The PPP project of Chang’an River Project
officially landed. At the same time, Dongguan City will also set up a government
investment fund to guide private capital to participate in more feasible investment
projects, truly diversify investment in environmental governance and lay a good
foundation for economic development in the new district.

4.2 Feasibility Analysis of Project Adopting PPP Mode

Dongguan Chang’an River Project is a PPP investment project jointly initiated by the
Management Committee and Chang’an NewArea Holdings Co., Ltd. and Dongguan
Yuanqing Investment Co., Ltd. The Chang’an River Project covers an area of 1525.52
mu, and the construction task is relatively heavy. There are three cores. The contents
include the newly excavated 5.2 km river channel, the new east and west pumping
stations as well as the newChang’an River’s four sluices. The period of infrastructure
construction is four years (2017–2020), and the operation period is tentatively set at
10 years; the total investment is 739 million yuan, and the sources of funds include
project company financing and government financial support.

In June 2015, as the first batch of PPP pilot project in Dongguan, Chang’an River
Project was linked with Rail Transit Line 1, Shenzhen Outer Ring Express Dongguan
Section, Yinbo Innovation Zone Infrastructure Construction and Shimahe Estuary
Dongjiang Water Source Protection Phase I Project Together they were included
in the Dongguan PPP project library. But so far, only the Chang’an River Project
and the infrastructure PPP project of Dongguan Yinbo Cooperation Innovation Zone
have been signed. The statistics of the Dongguan Municipal Government and Social
Capital Cooperation (PPP) project published on the Web site of the Ministry of
Finance and the Social Capital Cooperation Center on January 8, 2018, show that the
Chang’an River Project is currently included in the 32 PPP projects of the Dongguan
City Project Reserve. One of the three projects under contract signing shows the high
level of attention and feasibility of this PPP project.

The Chang’an River Project uses a co-financing cooperation mode between the
government and social capital. After the project company has expired, the project
company shall hand over the project to the designated party in the contract with-
out compensation. Figure 2 shows the organizational management structure of the
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Limited (Chang’an New District 
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entities) 

Dongguan Yuanqing Investment Co., Ltd. 
(Project Company) 

Fig. 2 Organization and Management Structure of Chang’an River Project

public entity involved in the project. Among them, the Dongguan Municipal Gov-
ernment and Dongguan Yuanqing Investment Co., Ltd. are the two main entities of
the Chang’an River Project, the essence of which is the project company. The project
company was jointly established by Dongguan Yuanqing Investment Co., Ltd. from
the former Chang’an New District Management Committee, Chang’an New Area
Holdings Co., Ltd. and Dongguan Water Investment Group Co., Ltd., responsible
for the financing and construction of the project funds, and under the supervision
of the government departments, operate and maintain the Chang’an River, such as
repairing facilities.

5 Concluding Remarks

5.1 Challenges

PPP consulting services, technical support and financial support are the main tasks of
PPP project operation. Chang’an River Project includes new digging river channel,
new pumping station and sluice construction, with a total investment of 739 mil-
lion yuan. The investment scale is large, and the project is scattered geographically.
The technical requirements have become stricter. Moreover, compared with the con-
struction of relatively mature urban water treatment facilities, the project has many
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problems in the construction and operation stages. The following three aspects are
particularly prominent:

First, the Binhai New Area of Chang’an Town, Dongguan City, where the
Chang’an River Project is located, is a newly developed construction area in Guang-
dong Province. Relatively speaking, the government has limited financial resources
(higher investment risks in emerging development areas), and its economic strength
is weak. There is still a lack of mature technology to support the operation and man-
agement of large water conservancy projects. At the same time, due to the poor scale
effect of the water treatment project, the total investment is large, the operating cost
is high, and it is difficult to attract sufficient social capital.

Second, the above mentioned is that the Chang’an River Project has three major
projects that need to be built, including new digging channels, new pumping stations
as well as new sluices, which have high requirements for technology. However, the
level of urban public facilities construction is different from that of developed cities
and regions, especially in the construction of water treatment facilities. The lag of
technology would affect the overall operation of the project. Being different from
the previous government-funded construction projects, the project can entrust the
contractor with more mature technology to carry out the project construction. As the
Chang’an River Project has certain public welfare nature and the investment profit
is lower than those of the government-funded projects, there is no strong guarantee
for the overall construction and operation quality of the Chang’an River Project as a
result of such financial constraint.

Third, the design, procurement, construction, commissioning, completion and
acceptance of the facilities and equipment of the Chang’an River Project, as well
as the initial financial cost estimation of the project, the management of the post-
debt service and the post-contract disputes, all require professional technical and
knowledge-based talents. The development ofChang’anNewDistrict is in its infancy,
and the reserve of talent resources is not yet sufficient. In the subsequent develop-
ment, the cultivation and formation of talent teams will continue. Because the water
treatment project has certain special characteristics, it is difficult to carry out scien-
tific management if there is no supporting facilities and technical support. Sewage
treatment facilities generally have “three-point construction and seven-point man-
agement.” Good management would enhance good governance results. If there is no
support from professional organizations, management personnel or technical person-
nel related to water treatment, it would not be able to achieve scientific management
effects.

5.2 Implications

First, the effective use of market mechanisms under the PPP mode is to rationally
coordinate the interests of all parties. On the one hand, Chang’an River is the first
project developed and constructed by Dongguan City using the PPP mode. It will
create a precedent for the cooperation of PPP mode in Dongguan and has a strong
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demonstration and driving role in the construction of other projects. From the above
analysis of the financial equity of the project, the Chang’an River Project adopts the
BOT financing construction mode to ensure that the market mechanism plays a role,
and the social capitalists involved in the investment participate in the preparation
and planning in the early stage of the project, which is conducive to integration. And
advanced technology and management experience within the diffusion industry.

On the other hand, the government investment company as a social capital party in
the early stage of project preparation is involved, so that the project risk responsibility
is reasonably distributed in the early stage, which reduces the risks of the contractor
and the government, and increases the possibility of successful financing of the
project. The strategic alliance of the various participants of the project helps improve
project efficiency on the basis of coordinating the different interests of the parties. In
the Chang’anRiver Project, the social capital party has a large operationmanagement
right in the project within the time limit stipulated in the contract, and at the same time
it is the largest investor. To a certain extent, it can make optimal decisions on project
operation management, improvement of operational efficiency as well as increasing
revenues generated from the project.

Second, in comparisonwith other modes of operation such as TOT, DBFO andBT
in thePPPmode, theChang’anRiver Project still adopts a singleBOTmethod, and the
overall operational risk is considered high. Because all facilities of the BOT project
must be transferred to the government without compensation, there is a significant
risk of cost recovery for the social capital parties involved in such a project. During
the operation period, even if it is paid by the government, it is not guaranteed to be
absolutely successful in the specific operations. Nevertheless, the pertinent risks are
not fully explained in the Chang’an River Project documents. Therefore, regulating
the provisions of thePPPcontract on circumventing or responding to operational risks
is one of the issues that should be noted in the next PPP development in Guangdong
Province.
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Current Trends of Developing Energy
Efficiency Projects in the Building Sector
of China

Joseph H. L. Chan and Theresa Y. M. Chan

Abstract Energy consumption has been considerably increased in the building sec-
tor over the years due to population growth, economic development and increased
demand for building functions and indoor environmental quality. Buildings account
for over 30% of total energy consumption in China which is one of the world’s
fastest-growing economies over the globe. China has experienced fast-paced eco-
nomic growth and has been in a stage of rapid urban development for the last
decade; however, challenges from natural resources and sustainable development
have accompanied its economic development. In recent years, increasing public con-
cerns on the negative impacts of the construction industry on energy use and climate
change has made energy efficiency in buildings becomes a fertile area of research.
However, the existing literature consists of diversified topics and issues that when
more efficiently classified and integrated for better understanding of energy effi-
ciency in building sector, would pave a way for future scholars and practitioners to
undertake more intensive and efficient research. Based on a comprehensive review of
contemporary studies on green buildings and energy-efficient buildings, this chapter
reviews current issues about energy efficiency in buildings in China and Hong Kong
including energy performance contracting, energy efficiency retrofit and net zero
carbon buildings, supplemented with case studies in developed cities in China to
provide insightful directions for further studies in the area of development of energy
efficiency projects.

Keywords Building energy efficiency · Sustainable development · Green
building · Energy performance contracting · Energy efficiency retrofit · China

1 Introduction

Green building has attracted worldwide attention both academia and industrial prac-
titioners in recent years [7, 22]. The total carbon emission from the building sector
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is estimated to be one third of the global greenhouse gas emission [48]. Jiang and Li
[18] indicated that the carbon dioxide generated by buildings accounted for around
50% of the total carbon emission which is mainly produced from construction, trans-
portation and industry. China has experienced a rapid urbanisation which has caused
considerable pressure on energy consumption, resources and environment. Substan-
tial amount of resources is needed to invest in infrastructure projects and public
facilities including housing, transportation and power supply [21]. The emerging
environmental issues caused by Chinese urbanisation such as excessive carbon emis-
sion and water pollution are highly concerned as China is keeping its pace of urban
development. Despite that China’s carbon emission is low per capita, it has become
the second-largest carbon emission producer behind the United States. The Chinese
construction sector has increased carbon emissions and energy consumption, while
it is also considered to have high potential to reduce the impact of climate change
by developing green building/energy-efficient buildings [48]. As Allouhi et al [2]
suggested, improving energy efficiency in building works and civil works becomes
more than essential for China and even the globe.

The Guangdong-Hong Kong-Macao Greater Bay Area (GBA) is a China’s
national key economic development strategy. GBA consists of nine cities in Guang-
dongProvince and twoSpecialAdministrativeRegions (i.e., HongKong andMacao).
GBA plays an important role in promoting low carbon and sustainable development.
Research about GBA has been emerging in research community. For example, Zhou
[53] carried out a CO2 emission inventories of eleven GBA cities and 12 surround-
ing cities. The low-carbon roadmap for GBA suggested by the study can provide a
benchmark for other countries to adapt climate change and to achieve sustainable
development. To et al. [35] reviewed the role of sound and acoustics in the whole
life cycle of buildings, in the context of Hong Kong, Macao and GBA. However, not
many studies have examined the energy-efficient buildings in the GBA.

Over the first decade of the 21st century, a number of energy-efficient building
concepts have been emerged, from energy performance contracting to energy effi-
ciency retrofit and even net zero carbon buildings. As a matter of fact, new buildings
have limited impact on overall energy reduction as they represent only a tiny frac-
tion of existing building stocks [43]. Existing buildings can constitute the largest
opportunity for energy efficiency improvement. It is therefore important to explore
the current trends of energy efficiency initiatives in building sector. Based on a com-
prehensive review of contemporary studies on green buildings and energy-efficient
buildings, this chapter reviews the current issues about energy efficiency in build-
ings in China and Hong Kong including energy performance contracting, energy
efficiency retrofit and net zero carbon buildings, supplemented with case studies in
developed cities in China to provide insightful directions for further studies in the
area of development of energy efficiency projects.
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2 Green Buildings

Public concerns on the impacts of the building industry on energy efficiency and
human health as well as climate change have made green buildings a fertile area of
research [38]. The terms green buildings, sustainable buildings, high-performance
buildings, sustainable construction, green construction and high-performance con-
struction are interchangeable in academic research [15, 16]. Kibert [16] defined green
building as a facility which is healthy, designed and constructed with ecological prin-
ciples and efficiently used resources. Yudelson [47] opined that green building is a
high-performance building which has minimal impacts on environment and human
health. It is designed to consider and reduce its life cycle environmental impacts as
well as water and energy consumption. Sangster [32] considered that the main objec-
tives of green buildings are to (1) minimise energy and other resource utilisation;
(2) minimise environmental disturbance and waste generation; (3) boost renewable
energy usage and (4) improve health and comfort. In fact, energy efficiency is consid-
ered as one of the most significant attributes in assessment of various green building
assessment schemes includingBEAMPlus,LEED in theUnitedStates andBREEAM
in the United Kingdom. Ahmad et al [1] pointed out that energy efficiency; reduced
maintenance cost and operation cost and extended lifespan of green buildings are the
major factors which drive the adoption of green building labelling schemes. It is con-
cluded that green building/energy-efficient buildings present a promising contractual
approach for the construction industry to contribute to sustainable development.

Darko and Chan [7] carried out a literature review to examine research trend
of green building in ten selected construction management journals. Their study
revealed that there had been an increasing green building research interest in recent
times, implying that the significance attached to green building by the construction
sector was accelerating. The research topics covered in their review focused on
green building project delivery, green building certifications, advanced technologies
and energy performance in buildings. Buildings account for a significant proportion
of the total energy use of the world. The need to reduce energy use has therefore
become a key issue in research. They further opined that there is a relatively less
research attention paid to issues specifically about improving energy performance of
buildings, and it is projected that the interest on this topic will increase and remain
to be an interesting area of study in building research. The findings of this study
also reinforce the objectives of this book chapter (i.e., to present a review of various
current issues of energy-efficient buildings with a comprehensive review of previous
research).

3 Benefits and Barriers of Green Buildings

UNEP [37] suggests that the building sector has the largest potential for significantly
reducing greenhouse gas emissions compared to other major emitting sectors. It is



230 J. H. L. Chan and T. Y. M. Chan

estimated that the building sector has the potential to make energy savings of 50%
or more in 2050, in support of limiting global temperature rises to 2 °C above pre-
industrial levels. By the means of fuel switching, energy efficiency and the use of
renewable energy, the saving potential of carbon dioxide emission by 2050 in the
global building sector can be up to 84 Gt.

Global Buildings Performance Network [10] reports that China emits roughly six
billion tonnes of greenhouse gases a year,which is about 20%of total estimated global
emissions of 36 billion tonnes. In addition, it was found that 28% of China’s carbon
dioxide emissions originated from energy use in buildings. It is further suggested that
green buildings should be the key to reduce the carbon dioxide emission in China,
so as to catch up with the global trend.

3.1 Benefits Associated with Enhanced Competitive
Advantages

Developers in China have incorporated green strategies into their business in an
attempt to build up branding and reputation and gain competitive advantages at var-
ious stages, from planning and design, construction to operation and management.
Developers could undoubtedly establish a good corporate image, a valuable intan-
gible asset, whereas green building construction is considered as a commitment on
social responsibility. Corporate social responsibility (CSR) is widely perceived as
an essential factor affecting a business image and competitiveness. The observation
is well supported by studies by the World Wildlife Fund (WWF 2005; [42]) that
investing in green buildings can achieve high standards of environmental, social and
corporate performances.

The public living environment is greatly improved with the adoption of green
roof and provision of high-quality green space. By mitigating the urban heat island
effect, the ambient urban temperatures could be greatly reduced. A green branding
is always associated with higher price or rental income [50]. Moreover, relationships
with governmental planning department, local communities and consumers are also
strengthened.

In China, developers can receive lower land prices with the adoption of green
strategy. Commitments to the environmental protection in the development are one
of the terms and conditions in the contract of land-use rights, and the government
in some contexts has been offering developers with favourable land price where
green elements and strategies are to be implemented [39]. The government also
favours developers with track records of green buildings with tax rebates and finan-
cial incentives at the property sale stage as so to encourage development of green
buildings.

Increased property values and high rental income are core drivers for green build-
ing from the viewpoints of stakeholders. According to the World Green Building
Council (WorldGBC) [40], the market value of a property is directly linked to the
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occupancy and rental rates. Rent levels of LEED-certified buildings outperform tra-
ditional office buildings. According to CBRE [4], rental returns are 25–30% higher
for LEED-certified buildings than traditional ones. Moreover, the average occupancy
rates of LEED and LEED-platinum projects in China was 81.7 and 86.7% which is
a 1.5 and 10% higher than traditional offices in 2017.

Office buildings are the main property type seeking LEED certification in China.
With reduced utility consumption in green buildings, lower expenses for both ten-
ants and owners are achieved. With higher releasing probability, better-off tenants
and higher occupancy rates, more stable rental returns and less costly building oper-
ations lead to higher value for green buildings [5]. Increasing number of tenants
has displayed concerns for environmental reasons like reduced energy consumption,
reduced water consumption, lower greenhouse gas emission and improved indoor
air quality, when choosing sites for relocation.

Reduction in construction costs and time from applying green technologies also
helps to enhance the competitive advantage of developers. The construction of Vanke
City has revealed the implementation of waste reduction procedures and methods
help saving considerable construction materials, in a survey conducted by Zhang
et al [51]. With sound commitment on time saving, application of prefabrication and
integrated elements of construction and decoration are increasingly used in green
buildings in China. Moreover, reduction in operation and maintenance costs could
also be achieved at post-construction stage with the employment of green technolo-
gies like envelope optimisation technology, water-saving appliances and air pressure
automatic passive ventilation technology. The market opportunities associated with
the development of unique green building product are another potential competitive
advantage. With a trend of higher quality living environment expectation, developers
could lead themarket and gain competitive advantage by establishing a differentiated
position in delivering design for comfort and improved indoor air products.

3.2 Barriers in Developing Green Buildings

3.2.1 Policy Incompetence

Instead of listing general barriers as illustrated above, this section highlights the core
barriers in developing green buildings in China. The development of green building
in China is hampered by the insufficiency of green policy implementation efforts.
Other than demonstration projects, it is rare for developers to gain subsidies from
the Government to develop various kinds of green buildings. Chinese government
has drawn up several standards since 2008, such as design standard of domestic
green building (JGJ26-95) in 1995 and design standard of public green building
(green building 50,189-2005) in 2005, and it is seldom for developers to follow
the standards due to inadequate financial sources and high operation cost pressure
[41]. Although there is a requirement to obtain a green building design evaluation
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label before obtaining the construction permit, other green building implementation
measures at operational phase are on voluntary basis.

Although the National 12th Five-Year Special Programme for Building Energy
Conservation required a minimum energy consumption reduction of 10% for public
housings, such national level overall targets have been broken down to provincial
and city level [4]. Given the regional economic development is unbalanced, most
of northern regions with lower economic development level hinder the large-scale
adoption of LEED and thus in achieving the energy consumption reduction target.
In accordance with the records of the national Green Buildings Evaluation Sys-
tem (GBES), tier-1 cities, like Beijing, Tianjin, Shanghai, Guangdong, Jiangsu and
Zhejiang, have a relatively large number of certified green buildings.

However, provinces and cities are allowed to develop their own building energy
efficiency standards [6]. China started to develop its own building energy efficiency
standards in the 1990s, and therefore, existing buildings built before the enactments
of building standards are usually characterised as having no insulation on the build-
ing envelope, poor air-tightness, and equipment and appliances with low energy
efficiency.

3.2.2 Cost and Time Concerns

Cost consideration is believed to be one of the crucial economic factors in developing
green buildings [12]. Tagaza andWilson [34] estimated that the capital costs of green
building projects range from 1 to 25% higher. Building certification and design com-
plexity are core factors affecting the cost of green building developments. Lengthy
approval process and implementation of new green technologies adoption may cause
project delay and thus negative economic implications.

3.2.3 Technology Deficiency

China is experiencing a lack of professional, standards, experience and device tech-
nology at design stage of green buildings. Without special design capability, unrea-
sonable or unsuitable designs may be resulted with the adoption of standard design
by equipment manufacturers without fully considering the adaptability to environ-
ment and programme economy [48]. The design process is of vital in the three-star
certification of green buildings.

Shortage of experienced workers and related construction standards bring the
guarantee of project quality at risk, which may adversely influence the implied bene-
fits at operation and maintenance stage. The technical level and expertise of Chinese
domestic green building equipment are relatively less developed. For instance, air
conditioning compressors forChinese domestic heat pumps devicemanufacturers are
mainly from Japanese and Korean enterprises, namely Hitachi, Panasonic, Daikin,
LG and Mitsubishi.
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3.2.4 Market Immaturity

There is growing evidence that stakeholder demand and awareness have a critical
role to play in determining the extent of green building development. The capability
of existing manufacturers, suppliers and developers is influenced by market demand.
With the absence of effective demand in green building and its associated compo-
nents markets, the high transformation and material cost may prolong the investment
payback period of the developers and thus hinder the supply of the life cycle products
of green building. Without embracing the big picture of potential benefits of green
building practices, high appliance design costs and limited availability of energy
saving material suppliers are common hurdles in engaging developers’ involvement
in construction waste minimisation [36] and thus green building development.

4 Energy Performance Contracting (EPR)

Even though a number of energy conservation and emission reductionmeasures have
been put forward since the 11th Five-Year Plan in China, the administrative energy
conservation measures have gradually lost their effect [30]. With the rapid economic
growth of mainland China, the energy consumption has been increasing significantly
over the past decades. China has been a net importer of energy since 1992 and the
largest energy consumer in the world since 2009 [31]. Energy saving and energy
efficiency in China are important from a strategic perspective with regard to energy
security and sustainability. EPC is considered as a market-oriented mechanism for
promoting energy efficiency has been increasingly recognised by government and
private enterprises in China, and its development is highlighted in the 12th Five-Year
Plan on strategic emerging industries and energy conservation [33]. The application
ofEPC inChina canbe tracedback to 1996.EPC ismainly applied to energy-intensive
industries such as building industry and transportation [51].

In an EPC, the Energy Service Company (ESCO) sets an energy saving objective
with the client. The responsibilities ofESCO include providing an energy saving plan,
installing energy-efficient facilities, offering maintenance in the contracting period
and ensuring energy saving efficiency. Zhang et al [49] suggested that the ESCO is
responsible for all or most of the initial investment in energy-efficient hardware. The
client will spend little or no money to utilise the energy-efficient services.

In Asia, various kinds of financial models have been carried out to promote the
use of EPC in retrofit projects in existing buildings in Singapore and Taiwan. Among
different models in EPC, shared saving model and guaranteed saving model are
the most common ones [19]. In a shared saving model, ESCOs sign a financing and
performance contract with the client who is usually a building owner. The ESCOs are
responsible for design, finance and implementation of the EPC project. ESCOs are
also required to verify the energy saving during the contract period. A fixed portion of
energy saving is paid to ESCOs over a fixed period. There is “zero risk” to the client
[44]. In guaranteed savings model, the ESCO designs and implements but does not



234 J. H. L. Chan and T. Y. M. Chan

finance it, although the ESCOs may facilitate financing in some cases. The ESCOs
guarantee that energy savings should be sufficient to cover debt service payment
[44]. These two models are compared in academic literature. There are different
performance standard in the two models. Guaranteed saving models are linked with
energy saving level,while shared savingmodel is linkedwith the percentage of energy
cost saving [11]. The risk sharing patterns are also different in the two models [33].
The major risks in EPC project include commercial risk, performance risk and credit
risk. According to Patari and Sinkkonen [29], ESCOs take the commercial risk, and
the client takes the performance risk and the credit risk in guaranteed saving model.
In the shared saving model, ESCOs take the commercial risk and credit risk, while
the ESCOs take the performance risk [11, 29].

A recent study by Zhang et al [51] reported a national wide and comprehensive
questionnaire survey on 248 on-going EPC projects in the building sector in China.
The aim of the study is to assess the situation of EPC and to explore if EPC can help
China to mobilise potential of energy saving in building sector. The findings sug-
gested that around 90% of the projects were public buildings including government
offices, schools, universities and hospitals. Interestingly, EPC, as a market-oriented
instrument, should be more favoured in the private building sector. However, it is
not the case in China as EPC in building sector is mainly driven by the government
energy efficiency policy. In fact, similar findings were revealed in an earlier study by
Beerepoot andBeererpoot [3] who investigated the impact of government regulations
on innovation and EPC in the building sector in the Netherlands. They concluded
that more stringent government regulations can serve as an incentive to innovation,
and innovation in the building sector is a process to apply incremental modifications
to comply with new and stricter government regulations and standards. The power of
government policies was further assessed in Zhang et al [51]. The stricter regulation
and compulsory standard were the most powerful policy factors to scale up the appli-
cation of EPC concept in the Chinese building sector, particularly, energy efficiency
for public buildings was compulsory. The owners of public buildings therefore had
to find solutions for enhancing energy efficiency, and EPC was considered as one
of the most suitable options. Yuen et al. [46] suggested that in order to promote the
application of EPC, the Chinese government has composed a three-level policy sys-
tem including laws, policies and plans. However, there are some issues to be tackled
to facilitate a better environment for EPC. They opined that specific laws on EPC,
improvement and expansion of scope of EPC could realise the benefits of EPC and
hence improve building energy efficiency in China.

4.1 Performance of EPC Projects

There appears to be mixed views of the performance of EPC projects worldwide. A
total of eight EPC projects were visited to review the performance of EPC after com-
pletion [51]. Interestingly, the energy performance in seven projects decreased by
18.4% on average, as compared with the last year of the EPC contract. The research
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team [51] opined that limited participation of building owners in EPCperiod; absence
of energy team to manage EPC invested facilities; lack of communication and coop-
eration between client and ESCO and lack of further investment for maintenance
of EPC solutions could be the possible reasons for the failure of these projects.
Only one EPC project had made additional investment, and its building energy effi-
ciency increased by 5.5% after completion of the EPC contract. The client was an
international owner, and there was a professional energy team involved in this suc-
cessful case. However, Lee et al [20] proposed a simulation-basedmethod to evaluate
the probability of energy saving shortfall of EPC and documented a case study of
replacement of heat rejection system for a central chiller plant with three composite
buildings in Hong Kong. Their study concluded that the possible energy saving after
one year retrofit period ranges from 2.83 to 10.8% with 90% statistical significance.
The assessment method can be useful to assess the performance risk encountered in
EPC in general.

4.2 Risks of EPC

Previous research on risk management of EPC focuses on risk assessment models
and risk mitigation measures [19]. For example, risks inherent in performance-based
energy efficiency projects are identified and classified into five categories, namely
economic risks, contextual risks, technology risks, operation risks and measurement
and verification risks [26]. Lee et al [20] proposed the risk assessment model for EPC
withMonte Carlo Simulation. A questionnaire survey was conducted with the clients
and ESCOs in Hong Kong to solicit their views on risk management of EPC. Their
study concluded that payment default risk by client, accuracy of baseline measure-
ment and high cost of installation were considered as the top three key risk factors by
the ESCO respondents. Furthermore, the client respondents perceived that complexi-
ties in procedures, long payment period and worry about guaranteed saving not being
achieved were the three major reasons why many client organisations in Hong Kong
not considering EPC implementing in their properties. In order to facilitate wider
adoption of EPC, different countries/regions have developed incentive measures in
the past decade, including development and promotion of standard form of con-
tract for EPC, ESCO accreditation schemes as well as modification of procurement
guidelines. The same study compared the effectiveness of these possible measures
and found that “promoting successful examples of EPC projects”, “modification of
government procurement practices to facilitate the use of EPC contracts” and “gov-
ernment backing up a portion of ESCO’s guarantee to lending banks” are top three
practical measures for better promotion of EPC practice and achieving higher energy
savings.
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5 Energy-Efficient Retrofit (EER)

Considering thewhole life cycle of a building, operation stage accounts formore than
80% of the energy consumption. Energy-efficient retrofit (EER) for existing build-
ings has therefore attracted attention internationally, due to its substantial potential
on energy saving [49]. Importance of EER has been well recognised by the Chi-
nese government. For instance, 400 million m2 of residential buildings and 60 mil-
lion m2 of commercial buildings were required to be retrofitted as pilot projects to
enhance building energy efficiency at national level [28]. Liang et al [23] were of the
opinion that most retrofitted public buildings were state-owned including schools,
hospitals and government offices, and participation of the private sector was rather
limited. Some studies have addressed the insufficient participation of private sec-
tor in EER from the perspective of effectiveness of incentive policies. For example,
Kasisvanathan et al. [14] indicated that subsidies may not be adequate to cover the
long payback period and high cost in EER. A recent research by Liang et al [23]
developed a model based on agency theory in order to analyse the decision-making
behaviours of various building owners and to optimise the incentive policies in EER,
with consideration of building conditions and owner characteristics. The effective-
ness of the model was verified by a case study, and it was found that the model
was sensitive to different factors including unit cost and energy price. It was further
suggested that the incentive policy should be adjusted with the fluctuation of energy
price to increase the effectiveness of the incentives.

Hou et al [13] conducted a comparison between the building EER policies in
Shanghai, Tianjin, Shenzhen and Chongqing at city level. Their study concluded
that the policy design of EER of existing commercial buildings should be further
improved, in particular, in terms of subsidy level, number of instalments as well as
business model promotion. This study recommended that the Chinese government
should craft policies taking into account the local economic conditions, energy saving
potential and local commercial building energy efficiency baselines. With regard to
technical solutions in Chongqing, lighting system retrofit was the most common
retrofit subjects, while building envelope system was the least common one. Yet
financial incentives are needed for the upgrades of the building envelope systems.
The Chinese building EER market potential is substantial. The coming 10–15 years
are a huge opportunity for Chinese commercial building sector to enhance its energy
efficiency.

Xu et al [44] explored the success factors for EPC for sustainable building EER of
hotel buildings in China. A series of semi-structured interviews and a questionnaire
survey were carried out to identify the critical success factors of EPC for building
EER projects. With the factor analysis of 21 success factors in the questionnaire
survey, six clusters of success factors were identified namely (1) project organisation
process, (2) EPC project financing for hotel retrofit, (3) knowledge and innovation of
EPC, sustainable development and measurement and verification, (4), implementa-
tion of sustainable development strategy, (5) contractual arrangement and (6) external
economic environment. The results revealed that the EPC team, client, ESCOs and
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other related parties who are involved in the EER projects for hotels all can signif-
icantly affect the success of the projects [44]. They recommended that education
programmes should be provided by government, hotel associations and ESCOs to
facilitate knowledge/experience sharing and improve awareness among participants.
Furthermore, economic incentives and standard contract procedures andM&V (mea-
surement and verification) protocol can be developed to achieve success in building
EER projects in China.

In order to quantify and measure the performance of building EER projects for
hotel buildings, a set of KPIs (key performance indicators) at project level were
developed with in-depth interviews with experts and researchers, followed by a ques-
tionnaire survey [45]. The result of questionnaire survey was analysed with fuzzy
set theory. A total of eight KPIs were identified and selected from twelve perfor-
mance indicators. They are (1) quality performance; (2) hotel energy management;
(3) cost performance; (4) project profitability; (5) energy consumption and resources
saving; (6) health and safety; stakeholders’ satisfaction and innovation and improve-
ment. By applying the KPIs, the performance of hotel building EER can be assessed
objectively.

The market interest in investing in EER projects highly depends on the return of
interest. Liu et al [24] conducted a cost-benefit analysis for a retrofit project in a
residential building in China in order to assess the economic attractiveness of EER.
The study developed a framework to carry out cost-benefit analysis with calculation
of cost and benefit over the whole life cycle of existing buildings. The framework
was applied in a residential building in China, and it was found that EER generally
resulted in satisfactory energy conversation. However, cost effectiveness of various
retrofit measures could not meet the expectations. This finding may be due to the
low energy price in China. The selectivity analysis indicated that energy price was a
key factor affecting the economic viability of building EER.

Zhou et al [52] employed a case study approach to examine the factors affecting
the effectiveness of EER in China. The study explored the building EER factors in
both design stage and operation stage, where focus was placed on both technology
and operational management of building. Zhou et al [52] concluded that conventional
building technologies (e.g., improving insulation of building and retrofitting HVAC
system) can be applied in the case study, while operation strategies play a key role to
realise the benefits of EER. It is not necessary to apply renewable energy technologies
with high installation costs and considerable pollution. However, using traditional
technologies can help to achieve green building certification if a well-designed build-
ing management strategy is in place. To summarise the various studies on EER, it
appears that this issue has been studied at national level, city level and project level.
As Darko and Chan [7] suggested, EER in building sector is expected to be an
interesting and valuable area of construction research in the near future.
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6 Net Zero Carbon Buildings

As Feng et al. [9] suggested, the development of green buildings in China began
relatively late compared to developed countries. In 2012, theMinistry of Finance and
Ministry of Housing and Urban-Rural Development jointly issued “Implementation
Guidance onAccelerating inDevelopment ofGreenBuildings in China” and in 2013,
the National Development and Reform Commission and Ministry of Housing and
Urban-Rural Development jointly issued “Green Building Action Plan”.

A new office tower in the heart of Beijing is the first internationally certified green
building in 2005 [17]. Created under the guidance of Natural Resource Defence
Council experts and the American-Chinese Coalition Organised for Responsible
Development in the 21st Century, the eight-story office tower, with 130,000-square-
foot building has used 73% less energy and 60% less water than a conventional
office. The building has become a model of sustainable design for builders all over
Asia Award won: China’s first ever Leadership in Energy and Environmental Design
(LEED) gold certification, which is one of the worldwide standards for building
sustainability and China’s first Green Building Innovation Award.

Green buildings can reduce negative impacts on the environment by using less
energy andwater. The GM International Operations in Shanghai, which was awarded
Gold Certification by the US Green Building Council’s Leadership in Energy and
Environmental Design (LEED) programme, are a good example in this regard. Up
to 90% of its interior space was designed to receive natural light so that the need for
ambient lighting is largely reduced. Furthermore, rainwater harvesting system was
adopted to collect rainwater from its roof, as an effective means to reduce the water
consumption since the rainwater can be used to flush toilets with the combination
with wastewater from the hand sinks. As for the benefits of these green features, the
building is 16.5% more energy efficient, and it uses 30% less water than standard
office buildings in China.

The development of green buildings in China has undergone major advancements
in 2017. China has accumulated over 520 million m2 of green building space at the
national standard in 336 cities by 2016. CBRE [4] estimated that, with the inclusion
of LEED-certified projects, China currently has over 600 million m2 of accredited
green building space which will be accelerated with the implementation of the 13th
Five-Year Plan of Green Building Development, 2016–2020.

Moreover, China is playing a dominating role in promoting zero carbon building
in the global platform. With a total of twelve members in the C40, a global network
covering over 90 of the world’s largest cities, China is determined to convert the
Paris Climate Agreement from aspiration to reality. The term “zero carbon”, a zero
net emissions of carbon dioxide from all energy use, was originated in the Code for
Sustainable Home in the UK [8]. The definition of zero carbon is revised in a three-
tiered hierarchical approach based on energy efficiency, on-site low or zero carbon
technologies and allowable solutions.
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The World Green Building Council (WorldGBC) defines net zero building as a
building that is highly energy efficient and fully powered from on-site and/or off-
site renewable energy sources [37]. Buildings that are energy efficient and supply
energy needs from renewable sources are a more appropriate target for the mass
scale required to achieve Paris Agreement levels of global emission reductions. C40
is promoting a global movement called the “Net Zero Carbon Buildings Declaration”
developed in partnership with the World Green Building Council (WGBC). In order
to enrich the Building Energy 2020 Programme, a wide range of energy efficiency
policies have been planned and implemented through the C40China Building Energy
Efficiency Programme in the National 13th Five-Year Plan (Table 1).

According to Feng et al. [9], nine building developments were acknowledged as
ultra-low energy consumption demonstration projects in Beijing in 2018. It covers
one third of the overall ultra-low energy demonstration building target, with a total
floor space of approximately 100,000 m2. The nine demonstration buildings include
school, low-incomehousing, rural residential buildings, commercial and public office
buildings and a medical rehabilitation centre.

Furthermore, various building energy efficiency guidance, standards and policies
are developed. Ultra-low energy building standards are revisited to ensure quality and
consistency from design to construction. Financial incentive policies at district level
are enhanced and implemented to guarantee that Beijing’s ultra-low energy building
demonstration site targets are met. Learning from international experience, officials

Table 1 Building energy efficiency programme in thirteenth five-year plan (MoHURD [27]

Indicator 2015 (%) 2020 (%) Five-year change

Urban new building energy efficiency
improvement

+20%

Urban green buildings percentage in total new
building construction

20 50 +30%

Green materials percentage in urban new building
construction

+40%

Existing residential building energy efficiency
upgrades

+500,000 m2

Existing commercial building energy efficiency
upgrades

+100,000 m2

Average residential unit heating energy intensity
decrease

−15

Urban level commercial building unit overall
energy intensity decrease

−5

Urban building level renewal energy portion of
overall power

4 6 +2%

Energy-efficient residential building in all
residential buildings

40 60 +20%

Rural buildings that utilise energy efficiency
measures in developed area

10 +10%
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from Beijing could better assess the feasibility of mandatory city-wide requirements
and roadmaps towards net zero carbon buildingswith future policy recommendations
acrossmultiple building sectors. Better Buildings Initiative Programme is an example
[25] (Fig. 1).

The Changning Districts first plan to strengthen its benchmarking policy and
enhance building energy data transparency. As Feng et al. [9] states, the districts
develop policies to enlarge the scope of reporting buildings and to pilot further
energy data disclosure. The Shanghai government provides subsidies for demonstra-
tion buildings that satisfy prescribed retrofit requirements. The district further plans
to create pilot projects for clean energy systems such as solar photovoltaic and com-
bined heat power for commercial and public buildings. A pilot nearly zero carbon
emission buildings in a low-carbon emission zone is one of the biggest projects in
the Better Building China Programme at Changning Districts.

The Better Buildings China Programme is another comprehensive energy effi-
ciency programme for the whole building sector of China. Although the programme
is on voluntary basis, stakeholders are encouraged to work together to identify bar-
riers and implement energy efficiency and clean energy solutions in buildings. As

•Be er Buildings Challenge
•Be er Buildings Alliance
•Be er Buildings Accelerators
•Be er Buildings, Be er Plants
•Be er Buildings Residen al
•Strategic Energy Management

Market Leadership

•Be er Buildings Solu on Centre
•Financing Navigator
•Improved Data Consistency and Access
•Tools to Assess the E ciency of Buildings
•Tools for Energy Management

Be er Informa on

•Be er Buildings Workforce Guidelines
•Industrial Energy Management Workforce

Workforce 
Development

•Be er Communi es Alliance
•Performance Contrac ng

Federal & 
Community 
Leadership

Fig. 1 Better buildings initiative programme structure (Adapted from Liu et al. [25])
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Table 2 Better buildings
challenge partner progress
and results (C40, 2017)

Progress and results 2016 2017

Energy saved (btus) 240 trillion 380 trillion

Dollars saved $1.9 billion $3.1 billion

Avoided CO2 emissions (tons) 15 million 23 million

Funding extended $8.6 billion $12 billion

Water savings (gallons) 4 billion 6.3 billion

Partner solutions available online 1000+ 1500+

Number of partners and alliance 345+ 350+

part of the nationwide programme, the Better Buildings Challenge encourages cities
and building portfolio owners to develop energy saving targets and asks participating
partners to work together to help achieve the targets of the programme (Table 2).

By connecting China with the global network of more than 90 of the world’s
greatest cities, urbanbuilding policy professionalswill be able to align their ambitions
with the best practices in promoting net zero carbon buildings, thus delivering the
unprecedented pace and scale of the Paris Climate Agreement.

7 Concluding Remarks

Despite its key role in boosting economic development and accelerating the urban-
isation in China, the building sector creates environmental problems and consumes
a remarkable amount of energy. The huge energy consumption has highlighted the
significant need to implement and achieve sustainable development in the building
sector and introduction of the green building concept. GBA accounted for 4% of
the total national carbon emission and contributed to 13% of Gross Domestic Prod-
uct (GDP) in China [53]. The potential of nine cities and two Special Administrative
Regions (HongKong andMacao)will be unleashed, fostering the investment demand
and strong economic growth. The recent reforms of the construction industry inHong
Kong, which advocates innovation technology and sustainable development, would
deepen the collaboration with the other cities in GBA. Much effort has been put in
energy saving in recent years. For example, a memorandum of co-operation (MOC)
was signed in November 2018 by relevant institutions and universities in Guang-
dong, Hong Kong, Macao, Beijing and Shanghai to promote the development and
application of retro-commissioning of buildings in GBA for enhancing energy sav-
ing. Under this framework, there will be regulator symposiums, technical forums and
training courses inGBA for exchange of experience for capacity building of trade and
promoting application of retro-commissioning for development of energy-efficient
buildings.

With the increasing concerns on sustainable development in recent years in China,
energy efficiency in building sector has therefore received more attention from both
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researchers and industrial practitioners in construction field. This chapter presented
an extensive review of contemporary studies on green buildings and building energy
efficiency and reviewed a number of current issues about energy-efficient buildings
including energy performance contracting, building energy retrofit and net zero car-
bon buildings in Chinese context, in order to provide useful and promising directions
of further research. This chapter can benefit researchers as well as practitioners to
synthesise various kinds of information to capture green building research in China.
It is hoped that this chapter can enable researchers and industrial practitioners to
appreciate the current trends of building energy efficiency in China and expand the
existing body of knowledge in this field.
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Elevator Energy-Efficient Projects
in the Next Generation of High-Rise
Green Buildings

Tai Ming Wut

Abstract The chapter investigates the potential energy-efficient solutions for high-
rise buildings in urban cities in the Greater Bay Area (GBA) of China. The solu-
tions start from innovative elevator designs that embrace the use of intelligence
systems. Smart system maintenance methods are proposed for the existing elevators
in old buildings. Total replacement is considered unnecessary since modernization
and upgrades would offer a value-for-money option. Energy can be saved through
upgrading the control system that enables better comfort on each ride. Such inno-
vation in energy saving from the operations of elevators in high-rise buildings is
expected to make substantial contributions to reduction in electricity consumption
under the swift urbanization of the GBA.

Keywords Energy efficiency · Internets of things · Elevator industry · Green
building

1 Introduction

According to Kone [11], the global market size for new elevator installations in
2016 is around 0.82 million units and that for modernization/maintenance services is
about 14 million units. The new installations’ markets mainly emerge in China and
India while the potentials for modernization/maintenance services are rather frag-
mented throughout theworld [11].Keyplayers areKoneCorporation (Finland),OTIS
(USA), Schindler (Switzerland), Mitsubishi Electric Corporation, Fujitec, Toshiba
and Hitachi (Japan), and ThyssenKrupp (Germany).

China has more than 1400 skyscrapers above 150 m of which 48 are particular
high (300 m and above). Many of them are situated in the Greater Bay Area. The
earliest super tall building in Mainland China is CITIC Plaza in Guangzhou. It was
completed around 1996. Ping An Finance Centre in Shenzhen is perhaps the highest
one in Greater Bay Area as of today. It has a height of 599 m. It is ranked number
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four in the world. The first runner up goes to Guangzhou CTF Finance Centre with
530 m. Hong Kong’s International Commerce Centre only has 484 m [5, 12].

There are various traditionalmethods to improve the energy efficiency of elevators
and do not increase the waiting time of passengers at the same time. They are manual
controls and grouping the passengers by zone. Today, Internets of things (IoT) is used
to improve further the efficiency. Intelligence system and visualization technology
are examples.

Guangdong-Hong Kong-Macao Greater Bay Area composes nine cities including
Guangzhou, Hong Kong, and Macao. The total population is over 70 million. It is
expected the urbanization rate is over 70% before 2030. There will be over 190
million new urban populations in China as a whole; some of them would be within
Greater Bay Area. According to Yang Xianling, President of Ke Research Institute,
almost half of new urban population will come to the three urban areas, the Pearl
River Delta region is one of them, and the other two are the Yangtze River Delta
area and Beijing Tianjin Hebei region [20]. It is expected China would become the
largest new equipment, elevator, and escalators in theworld. The demand of elevators
is becoming greater, especially for high-rise building, in the Greater Bay Area.

Ridder [16] points out in China market, half of new high-rise buildings are offices,
and other are residential buildings (20%); hybrid buildings (27%); and hotels (5%).

According to the announcement of the outline development plan for the
Guangdong-Hong Kong-Macao Greater Bay Area on February 18, 2019, China aims
to develop the Greater Bay Area into a global innovation and technology center.
James Yan, Research Director at Counterpoint Technology Market Research, said
that “The plan will assist enterprises that are enterprises that are engaged in intel-
ligent manufacturing, high-end telecommunications and mobile internet services in
the Greater Bay Area” [6]. In fact, Chinese elevator and escalator companies are
gaining market share in their own domestic market recently. One of the reasons is
the cost consideration of real-estate developers. They have over half of market share
on new installation market and higher percentage on maintenance business.

The objectives of the paper are to introduce how technology and innovation can
help in elevator industry and what is the next development in the future. Examples
on Greater Bay Area or other cities will be used as illustrations. There are five main
parts in the paper: elevator design; Internet of things; maintenance; control system
and value-added installations.

2 Innovation in Elevator Design

The process in China requires the manufacturer to develop and verify the design
according to ISO 22559 and ISO 14789. The ISO 22259 contains three documents:
Global Essential Safety Requirements; Global Safety Parameters and requirements
for Global Conformity Assessment Bodies. ISO 14789 Risk Assessment Method-
ology ensures the proposed design is safe and that all risks have been identified.
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Documentation on design and testing records is the requirement [3]. Those docu-
ments are then submitted to engineering and testing organizations recognized by the
Standardization Administration of the People’s Republic of China to evaluate the
innovate technology.

There are three types of new features regarding designs in elevator: counter-
weightless elevator; double-deck elevator; and emergency rescue system.

2.1 Counter-Weightless Elevator

ThyssenKrupp invented an energy-efficient elevator byusing a lightweight car. Trans-
parent polycarbonate panels were used. In order to reduce the weight, the elevator
minimizes the use of components, even counter-weight. The drive system consists
of a gearless machine and inverter. The power was disconnected when the lift stops.
LED lights also shut off automatically which lowers energy consumption further [4].
The restriction of counter-weightless elevator is the limit of serving floors and would
be two to three floors.

An electronic monitoring system allows the elevator to communicate with the
call center of the lift company directly. The call center receives the signal from
the lift showing something wrong. The call center could reset the control system
remotely in order to let the lift resume its service as soon as possible. It minimizes
the communication between the management and lift companies and increases the
response time of rescue team. It is because no mechanic needs in the whole process.

2.2 Double-Deck Elevator

Passenger capacity of the double-deck elevator can be doubled up to 1.8 times
compared to traditional single-deck elevator. Environmentally friendly design of
the double-deck units includes a permanent magnet motor and power revitalization
inverter. Congestion in the lobby area could be reduced by dispensing traffic between
the first and second floors. For example, the upper deck serves even floor and lower
deck serves odd floor. There are various double-deck elevators installed in Hong
Kong. Examples are Hong Kong Island East and Sun Hung Kai center.

2.3 Emergency Rescue System

It is very common in summer, and there are thunderstorms in theGreater BayArea. In
one time, there could be a drop in voltage and caused a lot of elevator breakdowns.
There would be many passengers trapped inside the lift cars at the same time. It
is difficult for maintenance contractors and firemen to rescue all the trapped people
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within a short time. Some people, depending on their age and health condition, might
feel uncomfortable during the trapped time period.

Shenzhen INVTElectricCo., Ltd is one of the active companieswhich provides an
innovative solution to elevator companies. It is a listed company in Shenzhen Stock
Exchange had now has more than three thousand employees. It means company
shares could be subscribed by public. An additional instrument like an auto rescue
device could be installed in the lift system. When the power supply is interrupted,
the passengers were trapped in the elevator. The device can drive the lift car to the
nearest floor and open the door safely. Basically, the device turns into normal mode
when the power supply is failure. After the desired operation is completed, the device
turns off automatically.

Event monitoring device uses the same concept. The device has a sensor to detect
the earthquake. In high-rise building, the fireman might not reach the higher floors
easily. Thus, an event monitoring device assists the passengers to evacuate. First, the
device senses an earthquake event automatically and sends information to elevator
controls to take action depending on the magnitude of earthquake. If the event is
serious enough, the device signals a controller to stop the car at the nearest floor so
that passenger may exit.

2.4 New Development in Rope System

A growing height of building, one of the solutions, divides the whole building into
different zones so that for those who reach the higher zone could skip lower floors.
As the height of building becomes higher and higher, one has to exchange lifts in
the middle, like Central Plaza situated in Hong Kong. Can we reach the highest
floor without switching elevator? Kone provides an answer. They use carbon fiber
material serves as a hoist core, which is covered by a polyurethane coating. This
extends the rope’s life. For a 500-m tall building (around 130 floors), the annual
saving in electricity is up to 15% [14].

2.5 Machine Room-Less Elevator

Traditionally, there is always a machine room at the roof so that elevator can move
freely through the shaft. Due to the limited space requirement, hydraulic lift system
was used so that the machine room can located at the other place. However, there are
some drawbacks for the hydraulic lift systems. They are still need a machine room
though not necessarily at the top of lift car but somewhere else. The speed of the
hydraulic lift is rather slow which is not suitable for more than five stops in general.
The use of hydraulic oil would have spill risk and might have a smell during summer.
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The design of machine room-less elevator is ideal for add on lift which originally
does not have space for the elevator like bridges. No oil design is environmental
friendly, and the running speed is faster than hydraulic lift system.

If no machine room at the top, glass could be used instead of laminate plastic
walls for the top and more sunlight can be introduced inside the lift car. Less lighting
would be used.

3 Internet of Things

According to Visiongain [18], the global Internet of things market will generate rev-
enues of $1128 billion in 2017 and shall be used in different industries including
elevator industry [18]. One of the main devices which could be used is the smart-
phones. Almost everyone has smartphones nowadays, and it is possible to send the
signal to the elevator system that you are going to leave the office in 5 min. A lift
would be a standby in your floor waiting for your appearance. Of course, if you are
late, the lift shall response to the other calls in order to save the waiting time for the
other passengers. By the way, you will receive the reminder signal again that asking
you your next order time if needed.

3.1 Intelligence System

Objects are connected to each other over the Internet. It could ensure accuracy and
efficiency. Human to object pathways can be eliminated or saved. Objects are pro-
cessed a unique identifier [13]. Physical objects are integrated with Internet and
formed a network of related objects [10]. For examples, elevators’ positions in a
commercial building are detected through an intelligence system so that the con-
trol room of building management office could know the exact floor location for
every elevator anytime. Management staff is able to reach the floor where one of the
elevators stopped and was found idle for a while due to some reasons.

The new development is the management staff’s mobile phone which can have lift
locations in order to better carry out his or her duties. Management staffs sometimes
need to do the patrolling for the whole building. He or she will know the lifts situation
anytime in order to have better picture anywhere.

3.2 Maintenance Call System

OTIS Hong Kong uses a sophisticated call system in their maintenance call center in
Kowloon Bay. The call center receives emergency calls from their clients everywhere
in Hong Kong Area. If there is a trapped person insider the lift car, the emergency
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team has to reach the site within thirty minutes and then release the trapped person. If
there is no trapped person for the case, the emergency teamhas to reach the sitewithin
sixty minutes and then to fix the problem. Otherwise, the management staff will call
the Fire Services Department for help. Firemen usually reach the site in a rather short
time, say ten to fifteen minutes, depending on the traffic situation. Firemen sometime
break the lift door in order to rescue the trapped person. Management Company then
blame for the late arrival of elevator company’s mechanics according to the signed
maintenance contract.

OTIS mechanics carries a Global Positioning System (GPS) device during their
emergency repairing; thus, the call center knows their exact position anytime. When
the call center receives emergency calls that there is a trapped person, the staff in
charge the call center shall decide which team of emergency team will cater for the
call. The team chosenmay stand by in the station or completing the emergency repair
close to the area. By using the said system, it shorted the response time for emergency
calls.

3.3 Visualization Using Closed Circuit Television (CCTV)

In traditional response system and destination response system, there is a program
in the lifts system to cater for the incoming calls from various buttons on different
floors. For example, there are calls on the ground floor for upward direction, tenth
floor, sixth floor, twenty floors for downward direction at a particular point of time.
The program will respond the calls one by one so that the total waiting time for each
“floor” is minimum. One of the drawbacks for the program is to ignore how many
people are waiting on each floor. For example, during the morning reporting time,
most of the people are waiting on the ground floor. That is to say, this is an upward
traffic busy time during before 9 pm. In the past, we count the traffic manually and
set the lift go back to the ground floor automatically after responds to the previous
call. This is an example of home system.

During the downward traffic busy time, usually after 5 pm. All the lifts might park
to higher floor in order to respond the calls in a shorter time. It is because people
in the office building start to leave their working place. Thus, their path is from a
specific floor to ground floor. Thus, it is no need to park the elevator at the ground
floor.

Today CCTV system has been installed in almost all the lift lobby for security
or other reasons. In order to addressing the drawback of traditional response system
and destination response system, CCTV camera captures how many number of
people waiting for upward traffic (in the ground floor) and how many number of
peoplewaiting on each upper floor for downward traffic normally. Thus, optimization
(minimization of total waiting time for all passengers as a whole) can easily be
reached to by sending lift(s) to the floor which most people are waiting in real-time
basis.
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4 Smart Maintenance

4.1 Remote Monitoring

Remote monitoring is using the technology of Internet to monitor the operation of
the lifts by maintenance center 24 h a day. If there are some irregularities occurred,
mechanic(s) will be sent on time to fix the problem. It could minimize any delay to
restore normal operation and anticipate the breakdown of the elevators [19].

Some lifts installed at remote area and usually mechanics visit the site twice
per month for routine maintenance work in order to satisfy the statutory requirement
(depends on the regulation at that place). By using remotemonitoring, it could reduce
the number of regular visit without affecting maintenance quality. Moreover, when
there is an emergency call, the central maintenance team shall use remote monitoring
to know the situation of the lift. Suitable mechanic(s) with appropriate replacement
parts can be identified and send to the site at the same time. Thus, there is no need to
wait for site report from mechanic and replacement parts are prepared according to
the report. As a result, elevator service can be resumed in the shortest time and save
some maintenance logistic time.

Remote monitoring system can send the information to service mechanic’s smart-
phones directly so as to improve the response time. In the past, the call center receives
the information first and then passes to an engineer. The engineer selects the suitable
mechanic to response the call. It takes time for the whole process.

The remote monitoring system also sends the breakdown report and total daily
traveling time to management office automatically. There is no need for manage-
ment staff to request the report from lift maintenance office. At the same time, the
management staff could submit service request by his or her smartphone using apps
instead of making verbal call to the call center of lift maintenance company.

4.2 Smart System Maintenance

Smart system can be installed inside the lift pit. If water accumulates in the elevator
pit, the device will generate an audible alarm and trigger a signal. When the system
connected to the internet, it will send email notifications or messages to the des-
ignated smartphone or computer. It is useful because when a heavy rain suddenly
comes, management staff is very busy for many things. It might not be aware with
the situation of lift pit which is basically unseen. However, the consequence is great
because if there is a water damage inside the lift pit, it takes time and money to
exchange damaged parts. The water damage is due to the negligence of the man-
agement office staff and the lift owner. Thus, it would be good if the system gives
a warning to the management staff when the water level reaches a certain level.
The relevant staff could put the lift at the top of the building in order to avoid the
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water damage. It saves the lift owners’ money, and more importantly, to avoid the
breakdown time due to repair.

4.3 Machine-to-Machine Functions on Elevators

Preventive maintenance strategy is the goal for elevator maintenance companies.
Smart elevator solution (SES) collects elevator operation data and provides alerts on
time before something wrong. SES collects information and sends notifications to
the remote cloud server. If necessary, technician will be notified as well [8].

Big data can offer equipment type analysis. For example, if we know the real
usage based on tracking rides and we shall predict the part replacement schedule.
Although elevators are built from various parts, few are expensive and require long
installations. Identifying potential problems in advance using sensors can save a lot
of money and time compared to the fixing the defected parts.

Preventive maintenance can improve the building owners’ satisfaction level and
lead to fewer calls to maintenance company. As a result, owners are reluctant to
change the service provider and become a loyal customer. The spirit is of the pre-
ventive maintenance which is a proactive approach rather than a reactive approach.
Breakdown maintenance is a typical example of reactive approach. The contractor
waits for the breakdown call and fixes the problem. It creates an unsatisfactory mood
among the building owners. It is because the elevator cannot be used for a period of
time due to the breakdown. In contrast, parts are changed before its expire lifetime.
Less breakdown time will be expected and satisfaction levels of building owners
increase. The preventive maintenance approach would not increase the maintenance
cost of contractor as less emergency calls expected. Old parts are changed during the
routine maintenance time.

4.4 Management of Maintenance Contractor Operations

In the past, elevator maintenance contractors rely on manual method or standalone
software to support the business operation. Unfortunately, mistakes occur, because
of too much paperwork in the maintenance office. Technicians have lack of informa-
tion when they are at work at sites and rely on memory. Site information, elevator
specification, maintenance records, and management staff contact details are essen-
tial information in the maintenance operation. Those details should be assessed by
all staff anytime with their smartphone.

In the maintenance service center, service scheduling, routing, and dispatching
technicians are the functionsmost desired by elevator companies. Dedicated software
is used to integrate the above functions. Routing optimization using Google maps for
technician is valuable tool. It helps to reduce travel time to and from project sites for
both preventive maintenance and ad hoc calls. The smart software would discover
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same or nearby site logic assign the emergency calls to the mechanic. Basically, the
softwarewould check the sameor nearby site preventivemaintenancemechanicwhen
the center received emergency call. It could minimize the travel time and improve
the response time for emergency calls. Also, it saves some fuel usage and customer
would appreciate the speedy services.

5 Value-Added Installations

5.1 Watching TV Screens Inside the Lift Car

Display screens have become an important part of living environment. Inmass transit
railway, trains, and office building lobbies, there are display screens. Inside eleva-
tor car, there could be display screens installed for management building notice,
advertisement, and even financial news. Directories could be one of the candidates
appearing in the lift car screens [1].

The second consideration would be the location to install the screen. It could be
mounted on the main panel right-hand side as well as the main panel left-hand side.
If the screen is installed at the back, it will distract passengers’ attention. The height
of the screen is depended on the size of the lift car. In general, the height will be
higher as the size getting bigger.

Regarding the content, office building passengers might interest in financial news.
Hotel passengers might interest in local attractions. Residential passengers might
interest in weather forecast. University passengers might interest in academic news.
Sport facilities building passenger might interest in sports news.

5.2 Usage of Voice Recognition Inside an Elevator

An elevator normally is provided with buttons for specifying a floor number. There
is also Braille-type button which can accommodate the blind people. There is one
more innovation nowadays with voice recognition device. It is no need to train the
user and at the same time the device can recognize different users. The device also
connects to a display of the lift so that the user can know whether their instruction
can be recognized [15].

Once the passenger enters into the lift car, the user is asked by the system to state
his or her destination through a particular phrase: “Please tell me the floor.” English
and Chinese could be used as the command languages, and the other languages could
be used in the future as well. Once the identification of the command, the suitable
signal would go to the central unit and then goes to lift controller unit. The system
is able to give visual confirmation through the screen or verbal confirmation.
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In the event of interruption of the power supply, the central processor finds the
breakdown and triggers the backup speech synthesizer. The passengerwill be asked if
there is a need to communicate with the emergency staff. It will alleviate the working
pressure of management staff to help the people in need.

6 Control System and Energy Efficiency

Every building consumes energy. The taller the building, themore energy it uses. The
elevators generally consume around 10% of overall electricity of the whole building.
Thus, efficiency must be considered when using the elevators. Most of the energy
spent by an elevator is during the standby mode. Around half of the energy has been
consumed [7]. It would be helpful for saving energy by the development of parking
mode function. Manually shut off some of the lifts after office hours for commercial
buildings could be considered. Also, the controller can also program to shut off the
lift car fan when the elevator is not in use for a period of time, say five minutes in
order to save more energy.

6.1 Reverse Journeys

Reverse journeys are discouraged with control system where there are up and down
call buttons. People who travel up get into the car when the lift stops on its up way.
People who travel down get into the car when the lift stops on it down way. As a
result, no reverse journey is happened ideally.

For high-rise buildings in busy hours, passengers deliberately choose a reverse
journey by press both buttons with the wish of a faster car arrival. It ensures the car
would not be bypass when the lift coming down again with full car. Thus, reverse
journey becomes an obvious choice especially for middle and lower floors. It alle-
viates the psychological feeling not to be bypass. However, the lifts most likely to
be stop twice and time is spending. Thus, an intelligence system could by pass the
lower floor in order to save downward travel journey. The system either senses the up
and down buttons to be pressed almost the same time or sensing the same fingerprint
pressing both the up and down buttons. At that situation, the downward buttonswould
be canceled when the car responses to upward button call. It saves the traveling time
and energy ultimately.

6.2 Hybrid System Control

Destination control system had been used by all major lifts’ manufacturers. It could
be quite efficiency if there is an almost upward traffic such as in the early morning
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time. After early morning time, there could be some downward traffic and inter-floor
traffic, and the efficiency of destination control system varies. Traditional destination
control system is inflexible in terms of call reallocation. The lift allocation is fixed
once the lift is assigned. The passenger is directed to a particular lift by using a signal
or alarm. However, the lift might be delayed because of inter-calls from floors. Also,
if the lift is delayed, there is no way to inform the passengers. It could happen when
the late coming passengers could take the earlier arrival lift. At the same time, the
early arrival passengers still wait for another incoming lifts. Frustration could occur.

In contrast, hybrid control system would cater the real-time changes. When a
landing call is registered, the call is allocated to a car which provides the fastest
response time. If the allocated car is delayed in the middle, the call can be allocated
to a different lift. The whole process is taking place within the control system [9].
Passenger in waiting is not aware in the process. Thus, frustration can be minimized.

6.3 Modernization and Upgrades

Some old buildings use old technology such asmotor generator drive for their lift sys-
tems. Upgrade to a variable voltage variable frequency drive in the lift system could
save up to 40% of energy consumption depending on the elevator type and size [2].

Within elevator cab, replacing traditional particleboard such as laminate plas-
tic walls and wooden ceilings to new particleboard product without added urea-
formaldehyde could improve indoor air quality. Urea-formaldehyde is of the main
sources of polluted air. Fan inside the elevator cab could also facilitate the air
circulation.

Minor upgrade includes changing the lighting system to light-emitting diode
(LED) which could also save energy consumption up to 80% [17]. LED is a type of
semiconductor which provides light when electricity is used. It is the most efficient
lighting source. LED produces directional light which is suitable used inside the lift
car. Operating costs are reduced, and replacement cycles areminimized. The lift span
can up to ten years and contain no mercury [2].

There is another problem for the lighting. As heat generates from lift car lighting,
heat is trapped inside the lift car if the traffic is not busy. It means that we need to
turn on the fan in order to avoid overheating inside the lift car. Turn on the fan needs
energy [17]. We might consider when the lift is idle, the lift could return back to the
ground floor and keep the lift door open. Usually, there is more ventilation in the
ground floor lift lobby, and then the heat generated by the lighting could be removed
easily.
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Table 1 Potential applications of data analytics

Areas of
improvement on
sustainability
performance

Traditional solutions Potential applications
of data analytics

Characteristics of big
data

Maintenance:
reducing elevator
traffic consumption

Identification by
passengers;
restrictive floor
system; manual
control

Visualization using
CCTV capturing
longitudinal data by
seasons, daily traffic
activities; and types
of building with
reference to specific
culture and habits of
the local users

Volume, velocity,
variety, and veracity

Maintenance:
reducing cost of
manpower

Mechanic routine
maintenance

Remote monitoring
making use of smart
meters to measure lift
performance

Volume, velocity, and
variety

Maintenance:
reducing breakdown
rate

Mechanics report the
defects in elevator
manually

Smart elevator
solution system
collects elevator
operation data

Volume, velocity, and
variety

7 Potentials in Utilization of Big Data

Table 1 compares tradition solutions with potential applications of data analytics:
In the above table, traffic analysis involves four characteristics of big data: volume,

velocity, variety, and veracity. Energy-saving and electricity consumption analysis
involve data volume and velocity.

8 Conclusions

Since almost half of our energy spent on buildings, it is anticipated that building could
be a valuable source to save energy. Elevator is one part of the building components
and usually takes up considerable amount of electric energy, around 10% of total
energy building depending on the traffic [2]. New elevator technologies can save up
to a quarter of energy compared to tradition devices. Moreover, elevator can even
generate energy when the elevator system slows down by fed back into the building’s
power grid.

With the increasing population in cities, the demand on elevator will become
greater. It is expected the growth in demand of building elevators will be at least 10–
15% annually for China’s Greater Bay Area market alone in terms of new installed
elevators [6]. Innovations and energy-saving design in elevator will continue to be a
relevant issue for sustainable development in the Greater Bay Area in the near future.
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In this relation, it is important to point out that choosing a thorough maintenance
program and employing modernization and upgrade elements can make sure energy
saving with more carrying passenger power. Preventive maintenance mode must be
used since it keeps elevator operation at the optimal state and increases the life time
span of the elevators. While it saves the owners’ money in the long run, it upholds a
policy for health and safety in building operations under a rapid urbanization agenda
among the cities in GBA.

All in all, the owners of the buildings with their management staff should maxi-
mize the performance of the lift systems through regular modernization, upgrades,
and preventive maintenance. Adopting new technologies would bring about envi-
ronmental benefits and improving the carbon footprints of the building. The elevator
companies andmaintenance contractors could generate incomes throughvalue-added
services and innovative business models. The owners of the building would be able
to lower their operating costs as less electricity is consumed. Even more impor-
tantly, the building management would be able to focus their time and efforts on
exploring value-added development opportunities to reach a lower breakdown rate.
The end users of elevators would enjoy improvement in actual quality service as the
elevators become more available and reliable at the same time. These progressive
enhancements will ultimately create win-win circumstances for the stakeholders.
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Sustainable Energy in the Greater Bay
Area of China: Lessons from the Cruise
Industry

Yui-yip Lau and Christelle Not

Abstract Globalization, technological advancement and economic prosperity con-
certedly generate a significant demand for cruise. In a context of passenger transport,
cruise is one of the key passenger modes to foster the regional economic growth and
encourage the socialmobility in a community. Recently, the development in Southern
China and its emerging Greater Bay Area intends for the revitalization of high-end
service innovation and boosting up its tourism development. However, the envi-
ronmental impacts of the cruise shipping research are seriously overlooked. Cruise
shipping activities are well recognized as one of the source of air pollution, but they
impact the environment more broadly and the stakeholders often underestimated the
associated costs and risks of cruising on the environment. International setting of
cruising activity and the lack of policy support are still key barriers for the cruising
industry to effectively implement renewable and green-energy strategies and sustain-
able management in general. In this chapter, we will try to estimate environmental
impact of the different resources (i.e. energy, water and waste) used during cruising
and explore what are the best practices to develop in order to move towards a greener
cruising industries in particular in area of rapid development.

Keywords Energy ·Water ·Waste · Greater Bay Area · Cruise

1 Introduction

A cruise has been identified as the “transportation of pleasure-seeking travellers on
ocean voyages offering one or more glamorous ports of calls” [15, p. 360]. Wild and
Dearing [28, pp. 319–320] explained cruise is “any fare paying voyage for leisure
onboard a vessel whose primary purpose is the accommodation of guests and not
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freight normally to visit a variety of destinations rather than to operate on a set
route”. In general, cruise ship are like “floating hotels”, selecting specific ports to
provide their customers with fantastic in-port experience [17]. In order to maintain
customer service level, cruise ship operators need to provide sufficient resources
such as potable water, food and energy to the cruisers onboard. Due to the size
limitation and isolation of cruise ships, cruise activities rely on non-local resources
and require outside intervention to supply water, food and energy to cruisers. In
addition, cruise ship operators need to manage waste produced onboard. Resource’s
usage and waste management generate pollution which impacts the environment;
however, such impact from the cruise ship industry has been regulated since 1973 by
the International Convention for the Prevention of Pollution from Ships [14] (MAR-
POL). MARPOL Annex IV, V and VI are particularly important for the prevention
of the pollution to the marine environment since they regulate the impact of wastew-
ater, solid waste and air emission, respectively. However, the rapid growth of the
cruise ship activities over the last two decades poses an increasing pressure on the
marine environment, which is still poorly investigated especially in Asia. As detailed
above, the Greater Bay Area (i.e. hereafter called GBA), which includes Shenzhen,
Guangzhou and Hong Kong cruise ports, representing more than 11.94 million cruis-
ers per year is a good example of the rapid growth of the cruise ship activities in these
area. We have summarized the main cruise ports among GBA in Table 1. Despite the
importance of the GBA environment (air and water quality, marine resources, etc.)
on its technological and economic development, there is no evaluation of the cruise
ship activities impacts on the environment. In the next sections, we will review the
impact of cruise ship industry on the GBA by looking at the management of water,
waste and energy done by ship sailing within the GBA. It is worth to note that the
management of water and waste is closely linked to the need of energy; therefore,
the use of water and management of waste produced onboard is closely tied up to the
energy demand, and consequently, the development of sustainable energy use within
the cruising industry will impact the global environmental footprint of cruisers.

Within GBA, there are four main cruise ports that are now located in Hong Kong
(i.e. Ocean Terminal and Kai Tak Cruise Terminal), Shenzhen (i.e. Shekou) and
Guangzhou (i.e. Nansha). Ocean Terminal was a first-class professional cruise ter-
minal for liners and the first large-scale commercial shopping mall in Hong Kong.
Due to a capacity limitation, HKSAR government decided to establish a new cruise
terminal at Kai Tak to accommodate mega cruise ships and receive the increasing
number of cruise liners calling during the peak season. However, a lack of transport
connectivity and construction defects pose a problem to attracting cruise liners and
cruisers from selecting a cruise terminal at Kai Tak in the final choice. Although
Kai Tak cruise terminal strives to carry out comprehensive promotional campaign
and progressively improve cruise terminal operations, the capacity underutilization
problem still exists [17]. Regarding to Guangzhou, the Chinese government declared
Guangzhou Nansha New District City Master Plan (2012-2025) to develop a large
scale of cruise tourism through building Nansha new district, creating yachts prod-
ucts and upgrading cruise port facilities, and integrated with various tourism and
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Table 1 Summary of cruise ports and their activity in GBA

City Number of cruise
ports

Number of cruise
ship/year

Number of
cruisers/year

Companies of the
cruise ship that go
to that cruise port

Guangzhou 1 104 401,100 Costa, Star
Cruises, Dream
Cruises

Shenzhen 1 78 188,500 Royal Caribbean,
Costa, MSC
Cruises, Star
Cruises,
Silversea, Skysea

Hong Kong 2 249 604,300 Azamara, Costa,
Crystal, Cunard,
Fred. Olsen,
Hapag-Lloyd,
Holland America,
Norwegian,
Oceania and
P&O, Princess,
Regent Seven
Seas, Royal
Caribbean,
Seabourn,
Silversea, Star
Cruise

Source Cruise Lines International Association [6], Pinchain [21], Ocean Terminal [20]

infrastructure projects within the Pearl River Delta. For Shenzhen, the Chinese gov-
ernment organized Shenzhen Cruise Carnival with different cruise companies and
travel agencies in 2017. Different cruise tourism promotion activities are jointly con-
ducted by travel agency, industry practitioners and cruise liners to promote the cruise
tourism widely in the community [21].

The rise of middle class in China stimulates the growth of the cruise industry.
Because of geographical advantages, GBA contains coastline cities to boost up the
cruise economy. As a result, the numbers of cruisers and cruise ships have been
increased dramatically in the past few decades [13]. In the forthcoming years, we
expect cruise ports in GBA will progressively increase and occupy a key position
in the Asia region. As CLIA (2018) indicated that the Hong Kong cruise passenger
CAGR is 20%, we expect that Hong Kong cruise passengers will be reaching at
725,160 and 870,190 passengers in 2019 and 2020, respectively. In Shenzhen and
Guangzhou, the cruise passenger CAGR is 29%; we predict that cruise passengers
in Shenzhen will be reaching at 243,165 and 313,683 passengers in 2019 and 2020,
respectively, while cruise passengers in Guangzhou will be reaching at 517,419
passengers in 2019 and 667,471 passengers in 2020. Sun et al. [26] indicated that
cruise tourism produces various supporting industries like hospitality, exhibition,
logistics, finance, education and training, marine insurance, ship registration, ship
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repair andmaintenance, and ship chartering. Since the cruise sector and its supporting
industries are categorized as a high-end service, it can encourage the transformation
and upgrading of the GBA regional economy and finance centre. However, impacts
of cruising activities on the environment can also slow down theGBA rapid economic
development.

2 Water Management

Cruise ship has a high demand on water to fulfil consumption, personal hygiene,
food preparation, cleaning and recreation needs. Therefore, a large amount of good-
quality water is needed onboard.Water is either loaded from land and store within the
ship or produced via desalination plants. To ensure the quality of the water, several
treatments such as filtration, disinfection, mineralization and softening are required,
which increase the energy demand and its impact on the environment (see energy
section). If the water supply has not a big impact on the environment apart from
the energy consumption linked to its treatment, wastewaters, which are the waters
collected after their use, are much more an environmental concern. Depending on
their usage,wastewaterwill contain different types of substances such as soap residue,
toxic chemical, bacteria, virus, organic matter, etc., which are potentially harmful
for the marine environment and therefore require special attention.

Wastewaters are mostly separated between grey water and black water or sewage
water. Black waters are produced in much lower volume than grey water but con-
tain higher level of pollutant. Black water or sewage water is the wastewater from
the use of toilet and medical facilities onboard the cruise ship. An average of 30 L
of sewage per person and per day is produced onboard (EPA 2008a:2-1 see Klein
[16]). The presence of harmful bacteria, pathogens, viruses and organic matter con-
tent within sewage water requires their treatment before any potential release into
the environment to limit their impact. However, MARPOL Annex IV require the
treatment of sewage water before their release within 4 nautical miles (7.4 km) of the
coastline; outside this area, untreated sewage water is allowed. However, company
members of the International Council of Cruise Lines (ICCL), which represent 16
major cruise lines, only allow treated sewage water to be discharged in high sea.
Since the cruise ships sailing within GBA are also part of ICCL, no sewage water
should be discharged within GBA waters.

Treatment of black water from cruise ship is mostly done by a type II marine san-
itation device (MSD), which consists of a flow-through system that breaks up and
disinfects (chemically or biologically) waste before discharge. More recent ships
have been equipped with advanced wastewater treatment system (AWTS) or even
more recently with advanced wastewater purification systems (AWPPS). Most MSD
type II and AWTS system filter solids from sewage water as part of the treatment.
However, neither MSD nor AWTS do adequately address nutrients loading as nitro-
gen and phosphorus [16]. Generally, sewage sludge from AWTS can be dumped
into the sea beyond the 4 miles’ limit; however, its decomposition will induce high
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oxygen consumption, affecting marine life. Sewage sludge can also be dewatered
and then incinerated onboard, which will affect air quality emission from the ship or
stored onboard for treatment in port. AWPPS are used to treat black water and grey
water before their discharge into the ocean by producing a clean effluent, with lim-
ited nutrient concentration, that can be discharged within the 4 nautical miles’ limit
[16, 27]. In GBA, there are different action plans for tackling water-related pollu-
tion problems including the establishment of adequate sewage infrastructure to serve
the planned facilities in Kai Tak cruise terminal development [11]; creating Harbour
Area Treatment Scheme surrounding Ocean Terminal [10]; adopting advanced waste
treatment technology and optimizing waste treatment system in major China cruise
terminals [12]. Basically, cruise ports usually grant permit to some cruise liners pro-
viding reception facilities to handle wastewater and sewage. To a certain extent, most
of the cruise ship sailing within the GBA mainly uses cruise port facilities.

Grey water represents the wastewater from sinks, showers, laundry and cleaning
activity of the ship. An average of 120–300 L of grey water per person and per day
is produced onboard cruise ship. Even if grey water may contain similar harmful
component for the environment as black water, MARPOL does not restrict their dis-
charge in coastalwater [3].GBAalso faces the same situation.However, EUand some
countries have set restrictions for grey water discharge within their territorial water.
To overcome the shortcomings, GBA plans to boost environmental collaboration to
reduce emissions, achieve resource efficiency, reduce waste and protect biodiversity
[24]. For further protection of the marine environment and nature conservation in the
region, Guangdong and Hong Kong signed the 2016–2020 Cooperation Agreement
between Guangdong and Hong Kong on Environmental Protection in September
2016. In 2016, Hong Kong and Guangdong established the Hong Kong-Guangdong
Marine Environmental Management Special Panel to strengthen communication on
marine environmental issues (Great Bay Area, 2018).

Finally, oily bilge water waste is also produced in a significant amount onboard
cruise ship. This wastewater contains fuel, oil andwastewater from the engine. Based
on MARPOL Annex I regulation, oily bilge water waste can be discharged within
the 12 nautical miles, if oil content is less than 15 ppm. Collection and treatment
of oil wastewater exist in most of the important port; however, they are located
within port facilities and not at the cruising terminal, making the collection of such
wastewater during cruise difficult. However, more and more cruise liners perform
environmental responsibility to install cruise ship bilge water treatment to remove oil
leaking from machinery in accordance with all international, regional and national
laws and regulations covered by the GBA [22].

The presence of harmful bacteria, virus or pathogens within wastewater and their
release into the environment can be easily recognized, and its impact is well recog-
nized by the impact on marine organisms or humans if the release happens close to
the coast. However, the release of high amount of organic matter does not have a
direct impact on human health; however, the high demand in oxygen linked to the
decomposition of the organic matter is also an important threat to the marine envi-
ronment. In fact, the high demand in oxygen will lead to the decrease of the oxygen
present in the water and the formation of hypoxic to anoxic water, which cannot



264 Y. Lau and C. Not

sustain marine life. Within the GBA, the high nutrient concentration release by the
Pearl River itself and the sewage water from the surrounding cities already affect
the oxygen level of water of the GBA. Two zones of hypoxia are presently observed
seasonally within the PRGBA [1, 23, 25]. The expansion of the cruise ship industry
and the potential release of higher concentration of nutrient link to wastewater will
potentially further increase spatial extend and/or duration of hypoxia event, leading
to more pronounced impact of the marine environment. On top of the impact of low
oxygen content on marine life, large and long hypoxia period will also affect human
life quality by the presence of smelly water. Such impact could also affect the econ-
omy of the region by creating a less attractive area for innovation and technology
development.

3 Source of Waste and Their Management

Cruise ship has been estimated to produce almost 25% of the waste from merchant
fleet even if cruise ship represents only 1% of the fleet [9]. The high number of
passengers is responsible for this overrepresentation of the cruise ship activities. Herz
and Davis [9] estimated that at the end of 90s, each passenger produces an average
of 3.5 kg of solid waste per day. However, active waste reduction practices in the
recent years allowed the decrease by more than half of the solid waste production
per person onboard cruise ships [16]. In addition to wastewater, a large amount of
waste such as plastic, paper, cardboard, food waste, cans and glass are produced by
passengers of cruise ships.

Historically, waste produced onboard ships were disposed over the side of the
vessel while at sea. Waste management from ship started in the late 60s, when the
potential impact on the marine environment of the indiscriminate dumping into the
oceanwas first recognized. UnderMARPOLAnnexV, no solidwaste in any form can
be released in coastal water within three nautical miles of the coastline. Grounded
solid waste, capable to pass through a 2.5-cm screen, can be discharged in water
between 3 and 12 nautical miles, and most solid waste can be released into the water
beyond the 12 nautical miles’ limit. Plastic waste is one of the exceptions, and there
is a complete ban on their release into the marine environment, and certain types of
plastic are also prohibited to be incinerated.

The management of waste produced onboard cruise ships is linked to onboard
facilities (i.e. presence of incinerator) and management plans and facilities at home
ports and ports of call. Different methods are used to reduce and management solid
waste onboard cruise ship (see Table 2). Recyclable items such as glass and alu-
minium are increasingly separated and stored for onshore disposal and recycling,
whereas the remaining waste, which represent 75–85%, are incinerated. Ashes pro-
duced by the incineration can be discharged at sea following MARPOL Annex V
guidelines [16]. It is worth to mention that the use of incinerators onboard are far less
regulated than that the one on land. MARPOL Annex VI only bans incineration of
certain harmful substance from contaminated plastic packaging and polychlorinated
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Table 2 Possible shipboard waste treatment processes

Treatment Method Management Type of waste

Compactor Reduce volume by
compaction

Storage then discard at
port

Plastic

Commuters Shred to pieces smaller
than 2.5 cm

Discharged at sea Food

Pulpers Reduces paper and
cardboard to papier
mache

Discharged at sea Paper/cardboard

Shredders Use to grind Stored or discharged at
sea

Bone, metal, glass

Incinerators Burn Ashes are discarded at
sea or store for discharge
at port

Material than cannot be
recycled under
MARPOL Annex V

Source Butt [3]

biphenyls (PCBs), and no national or international regulations limit the emission
from ship incinerators. New waste management facilities such as Plasma Arc Waste
Destruction Systems (PAWDS), which allow for the elimination of paper, cardboard,
plastic, textiles and food waste, are potentially accessible but require huge capital
investment and operating cost like human resources management, repair and main-
tenance, information systems and administration. Cruise liners strive to carry out
waste management best practices including invest in design and implement compre-
hensive waste minimization processes and procedures, environmental training and
sustainable wastewater operations [7]. However, the sophisticated cruise ship struc-
ture and increasing sizes of cruise vessels impose important questions regarding the
waste management. In order to bringing cruisers towards a multifaceted recreational
shipboard experience, cruise liners provide a wide variety of onboard facilities con-
sisting of adventurous souls, casino, shops, buffet restaurant, theatre, fun activities,
entertainment, spa and fitness, just to name a few [17], which add to the daily-life
activities related to waste production.

Finally, the different hazardous waste produced onboard cruise ships such as dry
cleaning waste, used paint, solvents, expired pharmaceuticals, batteries, etc., are
stored and discarded on port following the port country legislation.

The impact of solid waste is multiple depending on their type and management.
Waste brings direct biological impacts influenced by ingestion and entanglements.
Also, waste restrained coastal marine life and accumulated on the seafloor. Besides,
waste produces negative economic influences in case of washing up on beaches,
destroying the aesthetical qualities and lowers tourism revenues [19]. For example,
the discharge of grounded solid waste such as glass can potentially physically harm
marine organisms, but the size of the grounded pieces limits such threat. However,
grounded food waste contains organic matter which once in the water will be decom-
posed by marine organisms. This decomposition requires the consumption of high
level of oxygen, whichwill affect the availability of oxygen in thewater. As described
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above, for wastewater, the release of material with high content of organic matter
within the PRGBA will enhance the hypoxic zone already present, and therefore,
such release needs to be monitored to avoid severe consequence on the marine envi-
ronment. The incineration of these solid wastes as paper or food waste appears then
as a good alternative, as it allows a rapid reduction of the volume of waste that needs
to be stored onboard. The bottom ashes are the results of the incineration of the
solid waste. They are composed mostly of mineral fraction and metals, which are
non-reactive within the marine environment. However, the incineration will release
several components in the air such as carbon dioxide, nitrogen oxides and particu-
late matter (PM10 and PM2.5), which are responsible for low air quality. Hazardous
waste and plastic cannot be incinerated, and special management is required; there-
fore, such waste are usually stored onboard until discharged at port to be properly
managed within land waste treatment plant of the local facilities at home ports and
ports of call. Due to plastic ubiquitous usage in human daily life, plastic wastes are
numerous onboard cruise ships. Based on MARPOL Annex V, plastic are prohibited
from being released into the sea and certain types of plastic are also prohibited from
being incinerated, meaning that plastic waste need to be stored and are further treated
following the waste management practice of the city home port of each cruise ship.

4 Energy Needs and Its Environmental Impact

Fuel consumption for engine is the main need of energy for cruise ship. In addition to
engine energy consumption, cruise ships have a need of auxiliary energy to support
light, ventilation, etc., which is produced by onboard generator. [2] identify that 46%
of the energy consumed by a cruise ship is linked to its propulsion, 27% is linked
to heat and 27% lined to electric power generation. As ships use a “low-quality”
fuel (remains from the crude oil after gasoline and distillate fuel oils are extracted),
which contain very high sulphur content, for engines and incinerators, they emit
air pollutants such as GHG and sulphur and nitrous oxides. Air pollution linked to
cruise ships or shipping activities in general is recognized since early 2000s and
have been one of the first environmental impacts tackled by the shipping industry
and government. There are two types of pollutants emitted by the consumption of
fuel. The ones that impact climate are greenhouse gases (CO2, CO, NOx or HC),
and the ones that have an impact on human health are SO2, PM10 and PM2.5.
International regulations are looking at both types of pollutants. For example, the
InternationalMaritimeOrganization (IMO) has officially adopted a strategy to reduce
the greenhouse gas emissions from shipping by 50% by 2050 in comparison to the
2008 levels. In addition, MARPOL Annex VI is regularly decreasing the level of
sulphur allowed in fuel used by ships. Until 2012, 4.5% sulphur content was allowed
in most of the area, except within the Emission Control Areas (ECAs), where only
1% sulphur was accepted and in EU ports where the sulphur content needs to be
lower than 0.1%. In 2020, the IMOwill enforce a maximum of 0.5% sulphur content
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in fuel, whereas ECAs and EU ports will continue with sulphur content lower than
0.1%.

The Chinese government designated a series of Domestic Emission Control Areas
(DECAs) in its three busiest port regions (Yangtze River Delta, Pearl River Delta
and Bohai Bay) as part of a plan to phase in a low-sulphur marine fuel mandate.
Starting in 2017, all ships calling at the three regions will be required to use fuels
containing no more than 0.5% sulphur when berthing in port. In 2019, they will have
to use this cleaner fuel anywhere within 12 nautical miles of coastlines within the
DECAs. Since early 2019, Shenzhen ports and all the ports within the Pearl River
Delta require the use of fuel with less than 0.5% sulphur content within the DECA.
Hong Kong ports follow the same regulation since 2015. [4] estimated that cruise
ships are responsible for 2%, 2.3% and 2.2% of sulphur dioxide, nitrous oxide and
PM 2.5 emissions, respectively, of the total emission from shipping activities. We
therefore estimated that PRGBA cruising activities emitted, respectively, 3441 t per
year, 6182 t per year and 196 t per year of sulphur dioxide, nitrous oxide and PM 2.5,
using emissions data from 2007 to 2010. Despite the recent changes in the regulation
of the greenhouse gas emission from shipping detailed above, the increase of the
cruising activities (number of ship cruise and cruisers, which visit PRGBA’s ports)
is responsible for the augmentation of cruising-related greenhouse gas emissions in
the PRGBA.

The extension of the use of low sulphur content fuel to larger area is largely
disapproved by shipping industry due to the cost of such low sulphur content fuel.
It has been estimated that it will add 15 to 20 USD per passenger per day to use
only low sulphur content fuel (Seatrade Insider 2009). Another alternative to reduce
the emissions of air pollutant is to reduce the speed limits as cruise ships approach
ports. Several ports in California used this approach in 2009, such as San Diego, Los
Angeles and Long Beach have shown a significant reduction in emission of nitrous
and sulphur oxide, particulate matter and CO2 (California EPA, 2009).

Some cruise ships are now trying to use gas turbines as greener alternatives to
reduce air pollutant emissions; however, such turbines will reduce the emissions of
sulphur and nitrous oxide but produce significantly higher volume of CO2 [16]. An
alternative of air pollutant emission linked to fuel consumption is the Alternative
Maritime Power (AMP), which allows ship to use energy produced on land and
stored by port authorities. However, AMP is still not in application in China since
ports are not allowed to sell electricity; in addition, there is another legal aspect linked
to invoices, tax for berthed ship in China port as well as safety issues linked to AMP
[5]. In addition, cruise liners (e.g. Royal Caribbean, Costa Cruises and Carnival)
develop clean energy and nuclear power to power the cruise ships in the forthcoming
years [12].
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5 Conclusion

The cruising industry is developing rapidly around the world. An increase of more
than 20%of cruise passengers over the last 5 years worldwide has been observed, and
27 new ships have been scheduled to be deployed in 2018, resulting in the presence
of 476 cruise ships sailing mostly in coastal water. The PRGBA is not an exception,
and a rapid increase in cruise ship and cruise passengers is observed. The cruise
tourism generates a large amount of revenues from (1) spending of passengers and
crew members on land; (2) fees from other services that the ship has been offered
by different parties in and out; (3) fees for repair and maintenance of the waterway;
(4) fees for services for the boat recognized at port where the boat docked [18]. As
a result, cruise industry boosts up regional economic development, social mobility
and job employment.

By its nature, cruise ship activities are not sustainable since they required the
external input of most of the resources needed for cruisers to have a multifaceted
recreational shipboard experience; therefore, the environmental cost needs to be
evaluated in order to fully understand the benefit and impact of cruise ship activities
within a specific area. Water, waste and energy are the three “resources” that need
to be evaluated in order to estimate the environmental impact of the cruise ships. In
fact, both water and waste management require energy; therefore, energy is a key
resource to examine. In general, precise evaluation of the production and treatment of
water or waste onboard cruise ships is limited. Energy production is a little bit more
accessible, but to fully assess the impact of cruise ships on air quality, it is necessary
to measure and characterize the emission from shipboard engine and incinerators of
several ships directly.

Waste management and emissions from cruise ships are regulated by MARPOL
Annex IV, V and VI, which aim to limit the discharge of waste and gas emission
within few nautical miles’ limit from the coast. However, regulations are still quite
permissive but most importantly often violated leading to a non-negligible impact
of cruise ship on coastal marine environment. Finally, beyond the few miles’ limit,
there is barely any regulatory enforcement on waste discharge or gas emissions.

The GBA aims to mitigate environmental pollution, support environmental tech-
nology and green buildings, advocate energy saving, waste reduction, and encourage
environmental education to establish a sustainable future for GBA [8]. However,
until now there is no direct information on the environmental impact of cruise ship
industry with the area, knowing the exponential growth of this sector, it is now clear
that its environmental impact needs to be investigated in order to develop the best
practice which will benefit the economic growth and sustainability of the develop-
ment of the GBA. In the future, we will conduct an in-depth interview with various
stakeholders’ attitude towards sustainable energy in GBA and contribute the policy
paper in the future.
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Enhancing Sustainable Development
Through Regulatory Means
and Market-Oriented Incentives
for Waste Management in the GBA

Jingyan Fu and Xuebing Lu

Abstract Garbage sorting is conducive to the development of a quality living circle
in the Guangdong, Hong Kong and Macau for creating a world-class bay area com-
posed of sustainable cities. This paper focuses on the status quo of the “garbage siege”
problems in theGreaterBayArea (GBA)mainly comprisingGuangdong,HongKong
andMacau and highlights the seriousness of the problems associatedwithwasteman-
agement. It analyses the market-oriented operation mechanism for urban domestic
waste sorting and processing. Under the assumption of a market-based economy, the
information asymmetry between “agent” and “principal” is established and different
incentive systems are designed to construct a market-oriented model for the classifi-
cation of urban domestic wastes. Finally, this paper provides some suggestions based
on the experience in Guangdong for improving the operations of the waste industry,
including twomainmechanisms: long-term incentive through regulatory supervision
mechanisms as well as market-oriented green finance and investment mechanism,
which can jointly be complemented by an integrated waste management policy for
enhancing sustainable development of the GBA.
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1 Reasons for the Market-Oriented Operation Mode
of Garbage Disposal

1.1 Criticalness of Managing Wastes

According to the World Bank report, as early as in 2004, China became the country
with the most waste generated in the world. According to the National Bureau of
Statistics of China, from 2005 to 2015, the total amount of urban domestic garbage
generated in China increased from 156 million tons to 273 million tons per year,
and the growth rate reached 75% in only 10 years. Currently, the national municipal
solid waste rate is flat annually. Nearly 10% of the growth rate is increasing. Of
the more than 660 large- and medium-sized cities across the country, approximately
two-thirds of the cities face the problem of “garbage siege”. In 2016, the daily output
of municipal solid waste in China exceeded 1.4 million tons; it is estimated that by
2020, the total amount of municipal solid waste in China will reach 324 million tons.
According to the “2018 Annual Report on Environmental Pollution Prevention and
Control of SolidWastes in Large andMediumCities in China” issued by theMinistry
of Environmental Protection, the total amount of domestic waste generated in 202
large- and medium-sized cities in China reached nearly 202 million tons in 2017, an
increase of more than 13 million over 2016. The average output per ton is nearly 1
million tons, which is 13.52% higher than the 890,900 tons in 2016.

1.2 Introducing Market-Based Incentives for Waste
Management

With the continuous increase of urban domestic garbage production, the investment
and construction of waste sorting and treatment infrastructure has become the key to
solving the current urban waste problem in China. At present, China is in a period of
rapid economic development, and the multi-faceted capital demand makes the gov-
ernment’s fiscal revenue increasingly less likely to meet the needs of urban domestic
waste disposal. According to the 2017 China Green Finance Development Report,
in recent years, the government had to invest large amounts of financial resources to
dispose of urban domestic garbage. In 2016, the national new investment in urban
domestic waste treatment was 12 billion yuan, an increase of 253% compared with
2015. In 2017, the national urban domestic waste treatment volume is expected to
be 436 million tons, or 1.195 million tons per day, an increase of 87,000 tons com-
pared per day with 2016. The new waste level needs to be increased by 7 billion
yuan, which greatly increases the government’s financial pressure. In the case of
unbalanced capital supply, the introduction of social capital under the guidance of
the government and the comprehensive promotion of market-oriented reform of the
urban domestic waste industry are the best solutions at present.
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1.3 Promoting a Green and Low-Carbon Lifestyle
as an Important Component in Developing
the Guangdong, Hong Kong and Macau

1.3.1 Development of Guangdong, Hong Kong and Macau
into a Quality Living Circle

Under the background of the construction of the Guangdong, Hong Kong andMacau
BayArea, the government has put forward a new era of development and construction
requirements for the environment of Guangdong, Hong Kong and Macau. With the
promulgation of the “earl River Delta Reform and Development Plan (2008–2020)”
and the “Guangdong-Australia Cooperation Framework Agreement” and other pol-
icy agreements, the development of economy, environment and other aspects of
Guangdong, Hong Kong and Macau is more closely related. In the “Guangdong,
Hong Kong and Macau Bay Area Development Plan” issued in February 2019, it
is emphasized that the Guangdong, Hong Kong and Macau should be built into a
world-class bay area with green low-carbon production, lifestyle, urban development
and operations. The “Special Plan for Building a Quality Living Circle”, released in
June 2012, proposes a regional development vision and cooperation direction for the
construction of a quality living circle in Guangdong, Hong Kong and Macau. The
long-standing “garbage siege” phenomenon in Guangdong, Hong Kong and Macau
is a major “blocking tiger” in the construction of a quality living circle in Guang-
dong, Hong Kong and Macau, which has seriously hindered the construction and
development of a well-developed and sustainable development of Guangdong, Hong
Kong and Macau.

2 Problem of “Garbage Siege” in the Context
of the Emerging Greater Bay Area

At present, the phenomenon of a “garbage siege” in Guangzhou, the capital city of
Guangdong Province, is becoming increasingly prominent. The unbalanced devel-
opment of the environment and economy will constrain the steady growth of
Guangzhou’s economy. The need for garbage disposal will promote the market-
oriented reform of the domestic waste industry in Guangzhou. As the capital city of
Guangdong Province and the central city of the country, Guangzhou is the main city
of the Bay Area of Guangdong, Hong Kong and Macau. With the rapid development
of its economy, the amount of domestic garbage generated is also increasing year
by year. It is a typical “garbage siege”. This finding runs counter to the development
planning goals of Guangdong, Hong Kong and Macau. In 2016, the total amount of
municipal solid waste generated in China was approximately 204 million tons, of
which the amount of domestic garbage produced in Guangdong Province was 23.91
million tons, while the domestic garbage produced in Guangzhou reached 5,352,100
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tons, accounting for the national municipal solid waste. The total amount produced
was 2.62%, accounting for 22.38% of the total amount of domestic garbage produced
inGuangdong Province. As of December 2017, Guangzhou has a resident population
of 14.408 million, of which the urban population is 12.48 million and the urbaniza-
tion rate is 86.14%. Its population size and urbanization process are China’s leading
representative cities. According to the “Guangzhou City Master Plan (2017–2035)”,
the permanent population of the city will reach 20 million by 2035. It is foresee-
able that a large amount of urban domestic waste will have a serious impact on the
current domestic garbage disposal system in Guangzhou. The continuous growth of
Guangzhou’s population and the increased consumption levels have led to a grow-
ing trend in the production of domestic waste. The demand for development funds
for the waste industry has been far greater than supply, and the government’s fiscal
revenue is increasingly difficult tomeet the development of the domesticwaste indus-
try in Guangzhou. Reality needs. Therefore, the economic vitality of Guangzhou’s
domestic waste industry can be improved through market-oriented reforms. Waste
sorting is a low-efficiency traditional industry with great potential for reform and is
an indispensable part of Guangzhou’s search for new economic growth points.

Hong Kong and Macau have also faced the problem of “garbage siege” in recent
years. According to the Hong Kong Solid Waste Monitoring Report 2017 and the
Macau Environmental Status Report 2017, the amount of municipal solid waste and
per capita urban solid waste disposed of in Hong Kong and Macau has continued to
rise in recent years. The per capita daily solidwaste and disposal volume in 2017were
1.45 kg and 2.16 kg, respectively, which were higher than 0.98 kg in Guangzhou.
This finding reflects that the garbage problem in Hong Kong and Macau is also
very prominent, which seriously restricts the ecological construction development
of Guangdong, Hong Kong and Macau. As the leading soldier in the reform and
opening up of the country, and an important bridge connecting Hong Kong and
Macau, Guangzhou City should undoubtedly shoulder the heavy responsibility of
“pre-testing” in the market-oriented reform of the garbage industry, paying attention
to and drawing on the waste treatment dynamics and experience of the two major
cities of Hong Kong and Macau. Based on this, we will promote the construction of
the Pearl River Delta living circle with a high-quality garbage sorting environment.

With economic development, population growth and the improvement of people’s
living standards, the phenomenon of “garbage siege” in Guangzhou has increasingly
constrained the sustainable development of cities. As the third largest city in China
and the capital city of Guangdong Province, Guangzhou is China’s southern gate-
way to the world. It is the main city of the Bay Area of Guangdong, Hong Kong
and Macau, the Pan-Pearl River Delta Economic Zone and the political, economic
and cultural centre of South China. Since the reform and opening up, Guangzhou
has made outstanding achievements in economic and cultural construction and has
strong international influence. Generally, the most important factor in all economic
development is population resources. Because the more abundant the population
resources are, the more participants in the urban economic construction, and the
greater the city scale is expanded. However, the economic development and popu-
lation expansion of large cities, environmental pollution and other issues are more
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prominent. If they are not effectively resolved, they will inevitably lower the living
standards of residents and pose a serious threat to the sustainable development of the
urban economy. As an economically developed city in South China, Guangzhou is
a rapidly changing city, attracting many migrants to live in this agglomeration. The
number of permanent residents in the city is increasing year by year. As of Decem-
ber 2017, the resident population of Guangzhou was 144.884 million, of which the
urban population was 12.488 million and the urbanization rate was 86.14%. It is a
veritable megacity in China. The various garbage problems brought about by this
population growth have become an urgent problem to be solved in the modernization
and economic development of Guangzhou.

In terms of absolute quantity, the output of urban domestic garbage in Guangzhou
has increased year by year. Figure 1 shows the permanent population and urban
domestic waste production in Guangzhou from 2010 to 2017. It can be seen or
calculated from the following. First, during the period of 2010–2017, the resident
population of Guangzhou increased continuously, while the total amount of munici-
pal solid waste generated by the city grew at an average annual growth rate of more
than 10%, far exceeding the growth rate of the resident population in Guangzhou.
In 2015, the output growth rate was as high as 51%. Second, the total amount of
domestic garbage produced in Guangzhou has shown an overall upward trend. In
2017, the total amount of production of domestic garbage reached 7,737,600 tons,
and the daily output reached 20,200 tons. The per capita daily output was as high as
14 tons. If the capacity of an ordinary garbage truck is 10 tons, then the daily garbage
produced in Guangzhou is as high as 2000 cars, and the average person produces
nearly 1.4 cars of garbage per day. As the living standards and per capita consump-
tion levels of urban residents in Guangzhou are still in the advancement stage, it is
expected that future urban domestic garbage production in Guangzhou will continue
to rise.

In terms of relative quantity, the output of urban domestic garbage in Guangzhou
has always been among the highest in the country. Figure 2 shows the top ten cities
in China in 2013–2017. The following findings can be seen or calculated. First, the
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Fig. 2 Top ten cities in China for urban domestic garbage generation in 2013–2017. Source http://
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amount of municipal solid waste generated in Guangzhou has been among in the top
six in the country in recent years. The amount of domestic garbage generated by large-
and medium-sized cities was 202 million tons, of which Guangzhou’s output was
737,660 tons; Guangzhou was ranked third, second only to Beijing and Shanghai,
accounting for 3.65% of the 202 large- and medium-sized cities nationwide. The
phenomenon of garbage siege is prominent.

In general, for a long time, the amount and growth rate of domestic garbage in
Guangzhou has far exceeded its limited waste disposal capacity. The contradiction
between urban sustainable development and garbage disposal has become increas-
ingly prominent. The phenomenon of “garbage siege” has existed for a long time.
The unilateral dependence on government governance and financial supply has long
been unable to meet the requirements of social development in terms of capital guar-
antee and operational efficiency. Further promoting the market-oriented operation of
urban domestic waste sorting has become an inevitable requirement for Guangzhou.

3 Literature Review

3.1 Necessity of Market-Oriented Operations of the Waste
Industry

Research byWestern scholars on the market-oriented operation of the waste industry
is mainly carried out from the perspectives of the theory, the comparison before and
after the market-oriented reform, and the efficiency; this research is combined with
field investigations and interviews for analysis and has accumulated detailed research
results. On a theoretical level, Joseph [1], based on the theory of competitive market,
and Arena [2], based on the theory of effective competition, noted the necessity
of introducing market forces in the process of waste sorting and provided a new
connotation for the treatment of urban domestic waste. On a practical level, Sabbas
et al. [3] conducted a field survey of 48 small towns in Canada and found that the cost

http://www.mee.gov.cn
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of relying solely on government-sponsored garbage collection was higher than that
of contracted garbage collection. The necessity of market-oriented operation of the
waste industry. Oteng-Ababio et al. [4] conducted a survey of 101 cities in Africa and
found that the average cost of directly operating the garbage industry in the public
sector is higher than that of private enterprises. Themelis andMussche [5] found that
the government’s garbage collection costs were 124% higher than public–private
partnerships by comparing 198 government agencies in the US, Japan and China.
Finstein and Morris [6] conducted field surveys and interviews in 33 cities in 1970
and found no significant efficiency differences between government departments and
the private sector.

3.2 Realization Path of the Market Operation of the Garbage
Industry

Western countries have begun to study government public utilities early. Therefore,
most of the research onmarket-oriented operation of the urban domesticwaste sorting
and processing industry is based on the reform model of government public utilities,
which has formed a series of theoretical results. Ferreira et al. [7] analysed in detail
the economic factors affecting the production of domestic waste and compared the
benefits before and after the implementation of the waste volume charging system.
It was proposed that the specific charging system can promote the reduction and
market operation of garbage to a certain extent. Okuda and Thomson [8] proposed
that the recycling space of urban domestic garbage is large and that space is large.
Public participation, the introduction of third-party funds, the construction of classi-
fication and treatment facilities are important factors affecting the market operation
of domestic waste.

3.3 Performance on the Market Operations of the Waste
Management Industry

Research byWestern scholars on the market-based performance of the government’s
public sector focuses on the three dimensions: market structure, ownership struc-
ture and regulatory reform; the scholars use relevant performance variables to assess
market-based reform performance, while government public utilities reform per-
formance. The research has important guiding significance for the market-oriented
reform of the waste industry. In empirical research, Igarashi et al. [9] conducted an
empirical analysis of garbage collection enterprises, pointing out that private enter-
prises have an advantage in improving the internal operation efficiency of the waste
sorting industry. The empirical findings of Beigl et al. [10] reflect that the cost of the
waste industry mainly depends on the competitive external environment and that the
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public–private property rights after market reforms have merged. Eriksson et al. [11]
analysed the impact of both state-owned and private ownership systems and noted
that privatization of public goods should be addressed. In terms of market structure,
Khetriwal et al. [12] believes that market competition not only optimizes the allo-
cation of resources but also effectively motivates related companies to improve the
efficiency of waste sorting. Kikuchi and Gerardo [13] noted that regulatory reform
not only promotes market-oriented reforms by improving the efficiency of business
operations but also improves the pricing mechanism of public services.

This paper examines Guangzhou as the target city, systematically analyses the
development status of all aspects of the market-oriented operation of Guangzhou
municipal waste separation and the problems of the three major participants of
government, enterprises and residents, and combines the case of enterprise green
investment to support waste classification projects. The paper tries to build a market-
oriented operation model for the “three-in-one” classification of domestic wastes
for Guangzhou, which is tailored to local conditions, and clarify the roles and
responsibilities of relevant participants.

4 Analysis of the Market-Based Mechanism of Urban
Domestic Garbage Classification and Processing

In the market economy, most of the subjects present a situation where the informa-
tion is not symmetrical, and this will lead to a principal–agent relationship. If the
parties in the market are assumed to be rational economic agents, they pursue the
maximization of utility, in which entrepreneurs pursue profit maximization. Under
the premise of this assumption, the principal and the agent will perform multiple
rounds of game to maximize the expected utility and finally reach a relative equi-
librium state. In this process, because the information is not symmetrical for a long
time, the principal often uses incentives to effectively stimulate the agent’s behaviour,
stimulate demand and enhance its internal behavioural motivation to achieve organi-
zational goals. In this paper, the government and other relevant departments do not
fully understand the efforts of enterprises and residents to participate in the classifi-
cation and disposal of municipal solid waste. Therefore, enterprises and residents can
be considered “agents” and the government “clients”; enterprises have information
asymmetry, which requires that in the process of deepening the garbage revolution,
the government needs to formulate an effective incentive system to encourage and
control the behaviour of enterprises and residents and to fully stimulate the garbage
separation and recycling behaviour of multiple entities.

This paper argues that the incentivemechanism for the classification and treatment
of urban domestic waste refers to government or government joint ventures adopting
legalmeans, administrativemeans, economicmeans, etc., through incentives, punish-
ments, fees, investment, publicity, pilots and other measures to encourage the public
to participate in domestic garbage. Classification processing. Specifically, incentives
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under incentives should include positive and negative incentives, material rewards
and spiritual rewards. Among them, positive incentives refer to the promotion of
public waste sorting behaviours, such as prizes and bonuses, through rewards. Nega-
tive incentives can also be seen as punishments, which mean that, through sanctions,
incentives are imposed on non-compliant waste sorting behaviours, such as fines,
notices of criticism and deductions. Material rewards refer to motivating the public
to participate in the waste sorting process, such as bonuses and daily necessities,
from meeting the material needs of the public. Spiritual reward refers to the purpose
of satisfying the public’s spiritual needs and influencing the public’s psychological
state, such as awarding honorary titles. From the perspective of economic means,
the incentive system can further specifically divide incentives such as government
subsidies, incentives for recycling enterprises, tax incentives and environmental pro-
tection points, as well as constraints such as minimum target recovery rate, payment
system, deposit system and fee penalties. Large classes. From the specific aspects of
waste sorting, the incentive system can be further divided into an incentive system for
waste placement and collection, transportation and processing, such as the possibility
of increasing the expected profit of the relevant enterprises in garbage discharge and
collection, in garbage transportation and the processing links that subsidize related
companies.

Figure 3 is a summary of the market-oriented model for the classification of urban
domestic waste. Based on the analysis of the above theory, this paper adds the role
of market factors and incentive mechanisms in the traditional urban waste separation
process. It can be seen that the market-oriented operation from garbage sorting to
classified collection, sorting, clearing and end-processing is inseparable from the
participation of urban residents, enterprises and governmentmulti-agents and that the
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higher the degree and investment of third-party enterprises are, the more favourable
it is to promote the market-oriented development of the waste industry. As far as the
current situation is concerned, it is necessary to clarify the relationship between the
government and the market in each link and to solve the problem of domestic waste
such as investment funds, waste sorting accuracy and harmless processing capacity
through the use of multiple market forces while creating and inspiring more profit
points, promoting the economies of scale of third-party enterprises and building a
modernized and efficient market-oriented operation system for urban domestic waste
sorting.

5 Concluding Notes: Improving the Market-Based
Operations of the Waste Management Industry

Under a constant development of the economy, more domestic garbage will further
increase resources required for waste management and create burdens on the public
funding. To reduce such a liability to the public funding government while fostering
sustainable development, the Guangzhou municipal government should try to alter
its roles and to formulate policies for regulating the practice of the waste manage-
ment industry. As authority to the industries, the government is expected to lead
and facilitate market-oriented operation mechanism, actively introduce social cap-
ital, participating in waste separation and recycling, reduce the input cost of waste
separation processing intermediates by strengthening system construction, as well
as to improve the efficiency of garbage disposal and promote the development of the
waste management industry.

5.1 Formulating a Clear Strategic Goal
for the Market-Oriented Operations of the Waste
Management Industry

The market-oriented operation of the municipal solid waste industry in Guangzhou,
for instance, should clarify two important overall strategic objectives. The first objec-
tive is to construct a rational market-oriented investment operation model for the
domestic waste industry. We should break the traditional situation of domestic waste
sorting and handling by the government and financial operation, vigorously introduce
social capital, promote investment diversification and operational marketization in
the domestic waste industry and gradually transform the behaviour of the original
social welfare undertaking into the government. Market and economic behaviours
should guide and supervise themarket andoperate as an investment entity. The second
objective is to fully realize the source reduction of the domestic waste classification
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link and promote the construction of a waste-free city. At present, the garbage rev-
olution in Guangzhou is at the end of the garbage disposal period in Japan in 1970.
Therefore, Guangzhou has taken the end-processing capacity of garbage disposal
enterprises as the focus of the market development of the waste industry and to some
extent ignored the importance ofwaste source reduction. In the process of further pro-
moting the market-oriented operation of the domestic waste industry in Guangzhou
in the future, we should pay attention to improving the terminal processing capac-
ity of waste disposal enterprises and gradually shifting to reducing the amount of
garbage generated from the source, that is, the amount of garbage generated before
is an independent variable. The amount of treatment is the dependent variable. The
amount of garbage generated will be landfilled or incinerated to treat the correspond-
ing amount of waste. In the future, it will need to be reversed to set the final amount
as the ceiling, effectively reducing the landfill and incineration amounts.

Figure 4 shows two distinct rationales for the garbage revolution. At present,
Guangzhou mainly uses the rational of the left picture to promote the garbage sorting
work, which focuses on improving the harmless end-disposal ability, but this paper
believes that the future rational is inevitable. The future rational is in the right picture,
which focuses on the reduction of the source, reducing the amount of harmless
treatment.

At the same time, on the basis of clarifying the two overall strategic objectives, we
should follow the relevant policy trends in China and formulate the phased strategic
objectives for the market-oriented operation of the municipal solid waste industry in
Guangzhou according to local conditions. Figure 5 is the “three-step” phased strategic
goal of Guangzhou City to promote the “garbage revolution”. In the first stage, from
now until 2020, the Guangzhou municipal government should vigorously introduce
social capital to invest in the waste industry. At the same time, it should gradually
implement the mandatory classification of garbage through legislation and improve
the end-processing capacity ofwaste, from garbagemixed landfill to classification. In
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the second stage, from 2020 to 2035, the Guangzhou municipal government should
comprehensively change the status of the government-led market-oriented operation
management of thewaste industry and reduce the government’s financial input. At the
same time, it must shift from positive growth in waste production to negative growth.
In an economically low-waste society, the amount of landfill and incineration will
be reduced, and waste sorting and source reduction will be realized. In the third
stage, from 2035 to 2050, a market-oriented operation mode of the domestic waste
industry will be constructed, which is operated by enterprises. The goal of building
a city without waste is to minimize landfill and incineration amounts.

5.2 Formulating and Implementing Long-Term Incentives
and Regulatory Supervision Mechanisms to Deepen
the Market-Oriented Development of the Waste
Management Industry

Comparedwith the traditional regulatory restraint system, the development of a long-
term effective incentive mechanism can motivate Guangzhou residents to participate
in garbage sorting and can produce better results. Seacat and Northrup [14] noted
that “it is more important for the government not to care about whether the public
understand how to classify waste, but to motivate the public to act for the benefit of
society”. Japan’s strict penalties and regulatorymechanisms and adiverse support and
incentive system are important aspects for the success of its waste sorting process. As
a guide to promote the market-oriented operation of the domestic waste industry in
Guangzhou, the Guangzhou municipal government should formulate and implement
long-term effective economic incentives. On the one hand, the government should
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actively guide more social capital to invest in the waste industry; on the other hand,
the government should fully mobilize Guangzhou. City residents will be motivated
to classify waste and deepen the market-oriented development of the waste industry.

According to different incentive methods and incentive subjects, economic incen-
tives can be divided into three categories: taxation, subsidy and a fee system. Taxation
and charging systems are the main economic means. In terms of the charging policy,
it can be applied to different targets through economic incentives such as volume
charging, product charging and a landfill tax. Specific charging mainly promotes
garbage recycling and source reduction and alleviates government funding pressure.
Product charges are used to deprive products that produce “high waste” from the
source of production. The landfill tax is to promote the transformation of waste dis-
posal methods and resource recycling. In terms of subsidy policy, it can be applied
to different objects through economic incentives such as subsidies, tax incentives,
a reduction or exemption, government priority procurements, recycling credits and
primary resource taxes. In addition, a deposit refund system can be adopted to curb
consumption, stimulate corporate recycling, promote consumer return and recyclable
products, organize garbage collection activities and set up environmental sanitation
awards to stimulate public waste sorting.

At the same time, with reference to the Japanese experience, while establishing a
long-term incentive mechanism, synergy with market-based regulatory mechanisms
will be more effective. In terms of supervision, the participation of professional third
parties, the media, the National People’s Congress, the CPPCC, the public and other
multi-supervised entities, use inspection, processing methods, spot checks, inspec-
tions, audits, fees, etc., can be used to reduce the amount of garbage generated.
Supervision, such as investment company’s access and exit supervision, related facil-
ities construction and operation supervision, garbage pollution and garbage disposal
secondary pollution supervision, regulations and policies, policy formulation, imple-
mentation and feedback supervision, etc., severely punish enterprises or residents for
illegal investment operations. Acts such as stealing, smuggling, wasting resources,
polluting the environment, dereliction of duty, and standardizing and supervising the
participants in the waste sorting and processing industry from the two levels of entity
and procedure ensure the market-oriented development of the garbage industry in
Guangzhou.

5.3 Building a Market-Oriented Investment Mechanism
for the Domestic Waste Industry and Regulating
the Investment Market for the Waste Management
Industry

From the perspective of marketization, the sources of funding for the waste manage-
ment industry should be composed of both public and private funding. The proportion
of the waste management industry is a dynamic process that is affected by factors
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such as economic development, government macro-control and market operation
efficiency. At a time when the market-oriented investment operation of the domestic
garbage industry in Guangzhou is in relative infancy, the Guangzhou municipal gov-
ernment should gradually build a mechanism to promote enterprises to invest in the
domestic waste industry, vigorously introduce social capital and give full support to
the superiority of the market mechanism for enterprises. Investors should carry out
investment operations in the waste management industry to create a good develop-
ment environment. For example, by leveraging on the green finance and investment
trends, we can encourage and guide third-party environmental protection compa-
nies to develop relevant markets, expand the scope of waste separation, promote the
transformation and upgrading of the waste industry structure, and promote invest-
ment cooperation and common use in emerging industries such as the domestic waste
industry and the Internet development.

5.4 Improving Domestic Garbage Disposal Charging Policy
and Market-Oriented Dynamics of the Waste
Management Industry

On the one hand, the domestic garbage disposal charging policy is the economic
means that best reflects the will of the government. The domestic garbage disposal
cost is also direct and rapid, which can effectively reflect the government’s man-
agement orientation towards the market-oriented operation of the waste industry.
On the other hand, the cost of domestic garbage is an important guarantee for the
market-oriented operation of thewaste industry, and it is a profit point that investment
companies are very concerned about in the future, which can promote the problem
of solving the bottleneck of garbage management. From the perspective of external-
ity theory, garbage collection is reasonable. It not only combines personal interests
with garbage classification but also breaks the masses’ dependence on the govern-
ment’s inertia thinking in garbage classification and can effectively promote the
source reduction of garbage. In July 2018, the National Development and Reform
Commission issued the “Opinions on Innovation and Improvement of the Green
Development Price Mechanism”, proposing that by the end of 2020, national cities
should comprehensively establish a domestic garbage disposal fee system.

For instance, Guangzhou City implements a household-based charging system,
which has problems such as low awareness by residents and poor results in reducing
the source of garbage. Drawing on the experience of Japan, according to the actual
situation in Guangzhou, we can consider implementing a differential metering and
charging system on the principle of “pay more for garbage, pay less and waste less”.
First, for the garbage delivery, the weight of garbage or the volume is calculated for
the corresponding garbage disposal fee. Second, for the garbage collection, additional
recycling and disposal costs should be charged for large pieces of garbage, such as
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furniture and electrical appliances. The effect of the domestic garbage disposal charg-
ing system on the classified behaviour of Guangzhou residents is mainly reflected in
its economic incentive and bindingmechanism. If themetering and charging policy is
implemented, the residents should paymore for garbage disposal. Through economic
means, it restricts the garbage classification behaviour of residents, and at the same
time, it can also stimulate the behaviour of residents who have less garbage. Due to
the consideration of economic factors, residents are driven to reduce the generation
of domestic garbage to a certain extent and consciously carry out the classification
of garbage, which will constrain the behaviour of residents. Such policy for waste
management can be introduced to the GBA so as to develop a shared value system
as well as an integrated approach that will enhance sustainable development in the
region.
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